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ADHESIVE AGENT CONTAINING 
POLYSILOXANE-GRAFTED POLYMER, AND 
COSMETIC COMPOSITIONS THEREOF 



5 

TECHNICAL Figp 

The present Invention relates to adhesive agents containing 
polysiloxane-grafted po1yn«rs and to compositions, such as cosne- 
tic compositions, containing such adhesive agents. This invention 
10 especially relates to adhesive agents useful for hair setting 
purposes, and to hair setting compositions containing such adhe- 
sive agents. 

BACK6RWNP QF THE INVENTIW 
The desire to have hair retain a particular shape is widely 

15 held. Such style retention Is generally acconplished by either of 
two routes: permanent chemical alteration or temporary alteration 
of hair style/shape. A temporary alteration Is one which can be 
removed by water or by shampooing. Tenq>orary style alteration has 
generally been accomplished by means of the application of a 

20 composition to dampened hair after shampooing and/or conditioning 
and prior to drying and/or styling. The materials used to provide 
setting benefits have generally been resins or gums and have been 
applied in the form of mousses, gels, lotions, or sprays. This 
approach presents several significant drawbacks to the user. It 

25 requires a separate step following shanpoolng/condltioning to 
apply the styling composition. In addition, since the style hold 
is provided by resin materials which set-up on the hair, the hair 
tends to feel sticky or stiff after application and it is diffi- 
cult to restyle the hair without further application of the 

30 styling composition. 

It has recently been discovered that hair care compositions 
containing polysiloxane-grafted polymers can provide excellent 
hair style retention benefits, together with hair conditioning. 
The compositions may be in any of the conventional forms includ- 

35 ing, but not limited to, shampoos, conditioners, hair sprays, 
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tonics, lotions^ gels» amt mousses. The composttfons can provide 
these benefits to hair without leaving the hiir stiff or 
sticky/tacKy feel, as do conventional hair setting ingredients. 
These types of adhesive, filra-forraTng, polysiloxane-grafted 
5 polymers can also be used for other purposes, such as topical 
application to skin for cosmetic purposes or as a means for 
del ivery of medtcaments^ The f ilnf forming agents can also be used 
in a Hide variety of other adhesive areas» e.g. adhesive paper or 
binding naterialst etc. 

10 Polysiloxane-grafted polymers are disclosed for use in EPO 

Application 90307528.1» published Oanoary 16, 1991 as EPO 
Publication 0 408 311 AZ» Htyama, et U.^ U.S. Patent 5,061, 48I» 
issued October 29, 1991, Suzuki ct al., U.S. /Patent 5,106,609, 
Bolich et al., issued April 21, 1992, U.S. Patent 5,100,658, 

15 Bolich et al., issued March 31, 1992, IT.S. Patent 5,100,657, 
Ansher- Jackson, et al., issued Harch 31, 1992, U.S. Patent 
5,104,646, Bolich et al., issued April 14, 1992, U.S. Serial" No. 
07/758,319, Bolich et al., filed August 27, 1991, and U.S. Serial 
Ho. 07/758,320, Torgerson et al., filed August 27, 1991. Adhesive 

20 compositions containing film-forming polysiloxane-grafted polymers 
are also disclosed in Patent 4,728,571, issued March 1, 1988, 
Clemens et U.S. Patent 5,021,477, issued June 4, 1991, Garbe 
et al., U.S. Patent 4,981,902, issued January 1, 1991, Sarbe et 
al., U.S. Patent 4,988,506, issdeit January 29, 1991, Mttra et al., 

25 and U.S. Patent 4,981,903, Hitra et al., issued January 1, 1991, 
Mitraotal. 

Whereas excellent performance can be obtained with these 
polysiloxane-grafted polymers, particularly for hair setting 
compositions, it remains desirable to achieve improved adhesive 
30 performance. It also ronains desireable to achieve higher levels 
of tactile softness for a given level of adhesion for compositions 
containing these adhesive agents. In particular, for example, it 
is desirable to provide hair setting coi^ositions with improved 
hold and/or higher tactile softness for a given level of hold. It 

35 
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is an object of this invention to provide adhesive agents that can 
provide such enhanced levels of performance. 

These and other benefits will become readily apparent from 
the detailed description which follows. 
5 Unless otherwise indicated, all percentages and ratios herein 

are by weight. The invention hereof can comprise, consist of, or 
consist essentially of, the essential as well as optional 
ingredients and components described herein. 

SUHHARY OF THE rUVFHTTtlN 

10 The present invention relates to a polymeric adhesive agent, 

especially a film-forming agent, comprising a polyslToxane-grafted 
polymer made by the polymerization of poTymerlzable, polysiloxane 
containing monomers with polynerlzable non-polysiloxane-contalning 
monomers, wherein said adhesive agent has a weight average 

IS molecular weight of at least about 20,000, contains from about IX 
to about 50%, by weight, of the polysiloxane-containing monomer, 
and the weight percentage of silicon present as unreacted 
polysiloxane-containing monomers and polysiloxane-grafted polymers 
having a viscosity at 25*C of below about 10,000,000 centistokes 

20 based on the total silicon present as unreacted 
polysiloxane-containing monomer and polyslloxane-grafted polymer 
i& about ISX or less. Also, the adhesive agent should contain no 
more than about 4X, by weight, of unreacted 
polysiloxane-containing monomer and polysiloxane-grafted polymer 

25 having a viscosity at 25*C of below about 10,000,000. 

In another embodiment, the present invention provides 
cosmetic compositions, especially hair care compositions, eg. hair 
setting compositions, comprising the adhesive agent hereof and a 
carrier suitable for application to the hair. 

30 DETAILED DESCRIPTION OF THE INVENTION 

The essential, as well as various optional, components of the 
present invention are described below. 

Polymeric Adhesive Aoent 
The polymeric adhesive agent hereof comprises a film-forming 

35 polysiloxane-grafted polymer, made by the polymerization of 
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polysiToxane-contatning manomers with non-polysiToxane-containing 
monomers such that said adhesive agent has a weight average 
molecular weight of at least about 20^000, comprises from about 1% 
to about 50%, by weight* of the polysiloxane-containing monomers, 

5 and the weight percentage of unreacted polys iToxane-containing 
monomers and polysiloxane-grafted polymers having a viscosity at 
25*C of below about I0,00O)00a centfstokes: to total silicon 
present as unreacted polyslloxane-CQntaining monomer and 
polysiloxane-graf ted polymer is about 15* or less, more preferably 

10 about 5X or less. The level of . pblysiToxane-containing nonofflers 
in the adhesive agent, for purposes hereof, includes ■ononer 
present fn either unreacted (eg., unpo1ymerize(^ fom as well as 
monomer incorporated into the adhesive agent in polyner form. 
Also, the adhesive agent should contain no aure than about 4X, by 

15 weighty of unreacted polyslloxane-cpntainfng nononer and 
polysiloxane-grafted polymer having a viscosity at 25^C of below 
about 10,000,000, preferably less than about 3X more preferably 
less than about 2%, most preferably less than about IX. The 
limitation pertaining to the adhesive agent sets forth the maximum 

20 viscosity level, as described above, can also be limited to is 
preferably about 1,000,000, about 100,000 or about 10,000, etc. 

Cosmetic compositions of the present invention typically 
contain from about O.IX to about lO.OX, preferably from about 0.5X 
to about 8.0X, of the adhesive agents although higher or lower 

25 amounts may be Ased for particular appTfcations. The adhesive 
agent hereof can . also be used to advantage tn other cosmetic 
products, such as mafce-upi mascara and eye-liner, nail polish, 
etc., as well as topical skin products such as creams and lotions, 
including for delivery of medicaments or other ingredients to the 

2Q skin. The adhesive agent hereof can further be used for other 
adhesive applications, such as adhesive paper and backing paper, 
etc. 

The adhesive agent should have a weight average molecular 
weight of at least about 20,000. There is no upper limit for 
35 molecular weight except that which limits applicability of the 
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Invention for practical reasons, such as processing, aesthetic 
characteristics, formulateability, etc. In general, the weight 
average molecular weight will be less than about 10,000,000, nore 
generally less than about 5,000,000, and typically less than about 
5 3,000,000. Preferably, the weight average molecular weight will 
be between about 50,000 and about 2,000,000, more preferably 
between about 75,000 and about 1,000,000, most preferably between 
about 100,000 and about 750,000. 

Preferably, especially for cosmetic compositions, the 
10 adhesive agents hereof when dried to form a film have a Tg of at 
least about -20'C, preferably at least about 20*C, so that they 
are not sticKy, or *tacky" to the touch. As used herein, the 
abbreviation "Tg* refers to the glass transition temperature of 
the non-silicone backbone, and the abbreviation "Tm" refers to the 
15 crystalline melting point of the non-silicone backbone, If such a 
transition exists for a given polymer. Preferably, the Tm, if any, 
Is also above about -20*C, more preferably above about 20*C. 

The polymers useful In the compositions of the present 
invention are polysiloxane-grafted polymers of polymerlzable 
20 "slllcone-contalning", or "polysiloxane-contalning", monomers with 
non-slllcone-contalning monomers. The polysiloxane-grafted 
polymers should satisfy the following four criteria: 

{1} when dried the polymer phase- separates into a dis- 
continuous phase which Includes the silicone portion and 
25 a continuous phase which includes the non-silicone 

portioni 

(2) the silicone portion is covalently grafted to the 
non-silicone portion; and 

(3) the molecular weight of the silicone portion is at least 
30 about 500; and 

When used in a composition, such as a cosmetic composition 
for application to the hair or skin, the non-silicone portion 
should render the entire polymer soluble or dispersible In the 
composition vehicle and permit the polymer to deposit on the 
35 Intended surface, eg. hair or skin. 
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The most preferred poTyners comprise an organic backbone, 
especially a carbon backbone such as a vinyl polymeric backbone, 
and also preferably, a polydimethylsiloxane macromer having a 
weight average molecular weight of at least about 500, preferably 
5 from about 1,000 to abcirt 100,000, more preferably from about 
2,000 to about 50,000, most preferably about 5,000 to about 
20,000, is grafted to the backfibne. Organic backbones 
contenpUted tncTadie those that are derived from polymerizabTe, 
ethylentcally unsatiirated nnitomers. ThiBse include vinyl monomers, 

10 and other condensation monomers (eg., those that polymerize to 
form polyamides and po)ye$ters> and ring-opening nononers (eg. , 
ethyl oxazoline and caprolactone). The polymer is such 

that when it is formulated into the finished composition, when 
dried, the polymer phase separates into a discontinuous phase 

15 which includes the polydimethylsiloxane macromer and a continuous 
phase which includes the backbone. It is believed that this phase 
separation property provides a specific orientation of the polymer 
which results in the desired combination of tactile feel and 
setting, film-forming, or adhesive benefits. The phase- separating 

20 nature of the compositions of the present invention may be 
determined as follows: 

The polymer is cast as a solid film out of a good solvent 
(i.e., a solvent which dissolves both the backbone and the sili- 
cone). This film is then sectioned ami examined by transmission 

25 electron micrography. Kicrophase separation Is demonstrated by 
the observation of Inclusions in the cAntinuous phase. These 
inclusions should have the proper size to match the size of the 
silicone chain (typically a few -hundred nm or less) and the proper 
density to match the amount of silicone present. This behavior is 

30 well documented in the literature for polymers with this structure 
(see, for example, S. D. Smith, Ph.D. Thesis, University of 
Virginia, 1987, and references cited therein). 

A second method for determining phase- separating character- 
istics involves examining the enrichment of the concentration of 

35 silicone at the surface of a polymer film relative to the 
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concentration in the bulk polyner. Since the silicone prefers the 
low energy air interface, it preferentially orients on the polyaer 
surface. This produces a surface with the silicone orelnted at 
the surface of the film. This can be demonstrated experimentally 
5 by ESCA (electron spectroscopy for chemical analysis) of the dried 
film surface. Such an analysis shows a high level of silicone and 
a greatly reduced leveT of backbone polymer when the film surface 
is analyzed. (Surface here means the first few tens of Angstroms 
of film thickness.) By varying the angle of the interrogating 

10 beam the surface can be analyzed to varying depths. 

Examples of useful polymers and how they are made are 
described in deUll In U.S. Patent 4,693,935, Hazurek, Issued 
September 15, 1987, U.S. Patent 4,728,571, Clemens et al., issued 
March 1, 1988, both of which are incorporated herein by reference. 

15 These polymers are comprised of: at least one free radically 
polyroerlzable vinyl monomer or monomers (A); and optionally at 
least one reinforcing monomer copolymerizable with A which is "more 
hydrophilic than A and is selected from the group consisting of 
hydrophllic monomers and macromers having a Tg or a Tm above about 

20 -20'C (B). The polymers also comprise polyslloxane-containing 
monomers. (C) Polymerizable macromers which can be used herein 
shall be referred to herein collectively with polymerizable 
monomers as "monomers", for convenience. Hydrophobic monomers 
means monomers which form substantially water insoluble 

25 hofflopolymers. Hydrophllic monomers means monomers which do not 
form substantially water insoluble homopolymers. Suitable 
polymers are also disclosed in EPO Application 90307528.1, 
published as EPO Application 0 408 311 A2 on January 11, 1991, 
Hayama, et al., U.S. Patent 5,061,481, issued October 29, 1991, 

30 Suzuk^i et al., U.S. Patent 5,106,609, Bolich et al., issued April 
21, 1992, U.S. Patent 5,100,658, Bolich et al., issued March 31, 
1992, U.S. Patent 5,100,657, Ansher- Jackson, et al., issued March 
31, 1992, U.S. Patent 5,104,646, Bolich et al,, issued April 14, 
1992, U.S. Serial No. 07/758,319, Bolich et al, filed August 27, 

35 1991, and U.S. Serial No. 07/758,320, Torgerson et al., filed 
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August Zly 1991, all of which are incorporated by reference 
herein. 

The poTysiloxane-grafted polymers hereof comprise from about 
IX to about SOX, by weight of C monomers. I.e., the 

5 polysiloxane-containtng monomers, and from about SOX to about 99X 
by weight, of non-polysrioxane-containing monomers, which can be 
monomers selected from the group consisting of A and B monomers, 
and mixtures thereof. 

Representative examples of hydrophobic, A monomers are 

10 acrylic or nethacryllc acid esters of Gj-Cia alcohols, such as 
methanol, ethanol, methftxy ethanol, I-propanol, 2-propanol, 
l>butanol, 2-methy1-l-propanol, l-pentanoU Z^pentanol, 3>penta- 
nol, 2-methy1-l-butafiol, t-methyl-l-butanoT, a-nethyl-l-butanol, 
l-metl^l-l-pentanol, 2-iethyl-l-pentanol, 3-BethyT-l-pentanol» 

15 t'butanoK^-methyl-a-propanol}, cyclohexanol, neodecanol, 2-ethy1* 
1-butanoT, 3-heptanol, benzyl alcohol, 2-octanol, S-methyl-I- 
heptanol, 2-ethyl-l-hexanol, 3,S-dimethyl-l-hexanol, 3,5,5-tri- 
methyl'l-hexanol, I-decanol, 1-dodecanol, 1-hexadecanol, l-octa- 
decanol, and the like, the alcohols having from about 1-18 carbon 

20 atoms with the number of carbon atoms preferably being from about 
1-12; styrene; polystyrene macromer; vinyl acetate; vinyl chlo- 
ride; vinyl idene chloride; vinyl propionate; alpha-methyl styrene; 
t-butylstyrene; butadiene; cyclohexadiene; ethylene; propylene; 
vinyl toluene; and mixtures thereof. Prefarred A monomers include 

25 n-batyl nethacrylate* Isobutyl nethacrylate, t-butyl acrylate, 
t-butyl methacrylate, 2-ethyThe)v1 methacrylate, methyl meth- 
acrylate, and mixtures thereof. Most preferably^ A is selected 
from t-butyl acrylate» t-butyl methacrylate, and mixtures thereof. i 
Representative examples of hydrophilic, B monomers include 

3ft acrylic acid, miethacrylic acid, N,H-dimethylacrylamide, dimethyl - 
arainoethyl methacrylate, quatemized dimethyl ami noethyl meth- 
acrylate, methacryl amide, N-t-butyl acrylamide, maleic acid, 
maleic anhydride and its half esters, crotonic acid, itaconic 
acid, acrylamide, acrylate alcohols, hydroxyethyl methacrylate, 

35 diallyldiraethyl ammonium chloride, vinyl pyrrolidone, vinyl ethers 
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(such as methyl vinyl ether), maleimides, vinyl pyridine, vinyl 
imidazole, other polar vinyl heterocyclics, styrene sylfonate, 
allyl alcohol, vinyl alcohol (produced by the hydrolysis of vinyl 
acetate after polymerization), vinyl caprolactam, and mixtures 

5 thereof. Preferred B monomers include acrylic acid, N,N-'dimethyl- 
acrylamide, dimethyl ami noethyl methacrylate, quaternized diraethyl- 
aminoethyl methacrylate, vinyl pyrrolldorie, salts of acids and 
amines listed above, and mixtures thereof. 

The preferred polymerizable po1ysiloxane>contatn1ng monomer 

10 (C monomer) can be exemplified by the general formula: 

X(Y)„Si(R)3.BZ« 

Mherein X is a vinyl group copolymerizable with the A and B 
■ononers; Y Is a divalent linking group; R Is a hydrogen, 
hydroxyl. Tower a1ky1 (e.g. C1-C4), ary1* a1kaii7l, alko}^, or 

15 alKylanino; Z Is a jnonovalent slloxane polymeric moiety having a 
number average molecular weight of at least about 500, is 
essentially unreactive under copolymerization conditions, and is 
pendant from the vinyl polymeric backbone described above; n is 0 
or 1; and m is an integer from 1 to 3. C has a weight average 

20 molecular weight as described above. Preferably, the C monomer 
has a formula selected from the following group: 

xi-0-(CH,)q-(0)p-S1(Ri)j.„Z« 



In this structure, m Is 1, 2 or 3 (preferably m « 1); p Is 0 
or 1; q is an Integer from 2 to 6; R^ Is hydrogen, hydroxyl, lower 
alkyl» alkojv, alkylamlno, aryT, or alkaryl (preferably R^ is 
alkyl); X Is 
30 CH-C- 

Rz Is hydrogen or -COOH (preferably R* is hydrogen); is 
hydrogen, methyl or -CH^COOH (preferably R» is methyl); Z Is 

35 R*-(-[i-Q-)r; 

R6 
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R«, R«, and R« independently are Tower alKyl, alkoxy, alKylunlno, 
aryl, arkaryl, hydrofgen or f^droxyl CP'^f^ef'aWy R*, R', and R« are 
alKyls); and r is an integer of about 5 or higher, preferably 
about 10 to about 1500 (most preferably r ts from about 100 to 
5 about 250). Host preferably, R*, R^, and R^ iarenethyl, p«0, and 
q-3. 

In general, the total of A and 6 mononiers in the adhesive 
agent polymer will preferably be from about SOX to about 99%, more 
preferably from about 60% to about 98%, most preferably from about 

10 ISi to about 95>%, by weight of the poTyMer of the adhesive agent. 
The level of A monomers can be from OX to about 99X; the level of 
B monomers, from OX to alwot 99%; and the level of C monomers, 
from IX to about SOX, preferably from about IX to about 40X» more 
preferably from about 2X to about 25X» of monomer C. The 

15 composition of any particular adhesive agent polymer will help 
determine its formulational properties. In fact, by appropriate 
selection and combination of particular A, B and C components, the 
adhesive agent polymer can be optimized for inclusion in specific 
vehicles. For example^ polymers which are soluble in an aqueous 

20 formulation or other polar or hydrophilic solvents preferably have 
from about OX to about 85% {preferably from about 5X to about 70X) 
monomer A, from about 14X to about 95X (preferably from about 29X 
to about BOX) monomer B, and from about IX to aboiit 40X 
CPt'eferably from; about 2X to about 2^) monomer C. Polymers which 

25 are disperslble in aqueous fonmilations fiave the preferred 
composition: from about OX to about 70X (preferably from about 5X 
to about 70X) monomer A» from about 20X to about BOX (preferably 
from about 20X to about 60X} monomer B, and from about IX to about 
40X (preferably from about 2X to about 25X> iaonomer C. Polymers 

30 which are soluble or dispersible in less polar or nonpolar 
solvents, such as cyclomethicone, preferably comprise from about 
5X to about 98X (preferably from about 50X to about 90X} of 
monomer A, from 0 to about BOX (preferably from OX to about 45X, 
most preferably from to about 20X of monomer B, and from about 

35 
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IX to about 40% (preferably fron about 2% to about 25%) of mononer 
C. 

The polysiloxane-grafted polymers can be synthesized as 
follows. In general, the polymers can be made by free radical 
5 polymerization of silicone- or polysiloxane-containing monomers 
with non-silicone- or non-polysiloxane-containing monomers. The 
filming forming, cosmetic agent comprising this product is 
prepared by substantially removing the unreacted 
polysiloxane-containing nonoaiers and polyslldxane-grafted polymers 
10 which have a fluid viscosity at 25*C of below about 10,000,000, to 
the levels defined by silicon present as described above. The 
monomer and polymeric material removed are both of relatively low 
molecular weight, compared to the molecular weight of the cosmetic 
agent hereof. 

15 It is not intended to necessarily exclude from this Invention 

any polysiloxane-grafted polymer made by free radical 
polymerization or by means other than free radical polymerization, 
so long as the product is substantially free of the 
above-mentioned, undesired mateials, either by means of 

20 purification subsequent to reaction or as a result of an improved 
reaction or different type of synthesis. However, it is to be 
understood that block copolymers of alternating organic block and 
silicone blocks are not Included as polysiloxane-grafted polymers. 
The general principles of free radical polymerization methods 

25 are well understood. See, for example, Odian, "Principles of 
Polymerization", 2nd edition, John Hiley & Sons, 19ei, pp. 
179-318. The desired monomers are all placed In a reactor, along 
with a sufficient amount of a mutual solvent so that when the 
reaction is complete the viscosity of the reaction is reasonable. 

30 Typical monomer loadings are from about 20% to about 50%. 
Undesired terminators, especially oxygen, are removed as needed. 
This is done by evacuation or by purging with an inert gas, such 
as argon or nitrogen. The initiator is introduced and the re- 
action brought to the temperature needed for initiation to occur, 

35 assuming thermal initiators are used. Alternatively, redox or 
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radiation Initiation can be used as desired. The polymerTzatlon 
Is allowed to proceed as long as needed for a high level of 
conversion to be achieved, typically from a few hours to a few 
days. The solvent fs then removed » usually by evaporation or by 
5 precipitating the polymer by addition of a nonsolvent. The 
polymer is further purified, as needed. 

By way of example. Polymers I, II and III described above, 
are synthesized tn the follmrfng manner. There are numerous 
variations . on these procedures wbfch are entirely up to the 

10 discretion ef the synthetic chemist (e.g., choice of degassing 
method and gas, choice of Initiator type, extent of conversion, 
reaction loading, etc). The choice of Initiator and solvent are 
often determined i>y the requirements of the particular monomers 
used, since different monomers have different solubilities and 

15 different reactivities to a specific initiator. 

Polymer I: Place tO parts acrylic acid, 60 parts t-butyl- 
acrylate, and 20 parts poly siloxane (10,000 MW) -containing monomer 
in a flask. Add sufficient ethyl acetate or acetone (preferably 
acetone) as the reaction solvent to produce a final monomer 

20 concentration of 40X. Add initiator, benzoyl peroxide, to a level 
of 0.5X by weight rielative to the amount of monomer. Evacuate the 
vessel, and refill with nitrogen. Heat to 60*C and maintain this 
temperature for 48 hours while agitating. Terminate the reaction 
by cooling to room temperature, and dry off the reaction solvent 

25 by pouring the reaction mixttire into a teflon^coated pan and 
placing in a vacuum oven. A similar procedure can used to make 
an 80V120K t-butyl acrylate/poTysiloxane (10,.000 Mf}-contalAing 
monomer. Ethyl acetate is -the preferrad solvent for this 
synthesis. 

30 Polymer II: Place 20 parts H,tt-dimethylacryl amide, €0 parts 

isobutylmethacrylate, and 20 parts silicone macromer in a reaction 
vessel fitted with a temperature probe, reflux condenser, inlet 
port, and a-^on sparge. Add sufficient toluene to bring the final 
monomer concentration to 20% by weight. Sparge with argon for I 

35 to 2 hours. While sparging, heat to 62*C in a water bath. Add 
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initiator, azobisisobutyronitrile, to a level of 0.25% by weight 
relative to the weight of monomer present. Maintain temperature 
at 62*C, with a sufficient rate of argon flow to keep the solution 
mixed. Monitor the reaction visually, ensuring that no phase 
5 separation of reactants occurs during polymerization. If any 
turbidity is observed, add sufficient warm degassed toluene to 
eliminate the turbidity. Continue" to monitor throughout the 
reaction. Terminate the reaction after 4 to 6 hours and purify as 
with Polymer I. 

10 Polymer III: Place 10.5 parts N,N-d1methy1nethacry1am1de, 56 

parts isobutyl methacrylate, 3.5 parts 2-ethylhew1inethacrylate, 
and 30 parts lOK PDMS macromer in a reaction vessel fitted with an 
argon sparge, temperature probe, reflux condenser and inlet port. 
Add sufficient toluene or isopropanol to bring the final monomer 

15 concentration to 20% by weight. Begin stirring and sparge with 
argon for 1 hour. While sparging, heat to 60*C in a water bath. 
Add initiator, azobisisobutyronitrile, to a level of 0.25% (if 
toluene is the solvent) or 0.125% (if isopropanol is the solvent) 
by weight relative to the weight of monomer present. Continue 

20 stirring and a slow argon sparge and maintain the reaction tem- 
perature at 60'C. Allow to react for 6 hours. Terminate the 
reaction and remove the solvent as with Polymer 11. 

Removal of unwanted polysiloxane-contalnlng monomer an4/or 
polysiloxane-grafted polymeric material that has viscosity below 

25 10,000,000 at 25*C from free radically polymerized product can be 
done by any means known In the art. The materials to be removed, 
in general, will be of lower molecular weight than the average 
molecular weight of the polymer material prior to extraction. 
Also, such materials to be removed will contain a relatively high 

30 proportion of polysiloxane relative to the organic 
component -generally, although not necessarily, in excess of 50% 
polysiloxane. 

Techniques suitable for removing the unwanted material 
include a variety of standard procedures known in the art. 

35 
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(hie Method that can be used is supercritical fluid 
extraction, such as with supercritical carbon dioxide. 

Supercritical fluid extraction is carried out on polymer 
which has been dried from the original reaction mixture to remove 
5 excess reaction solvent. Dried polymer is preferably ground to 
create a fine powder, which allows for increased surface area and 
naximum extraction efficiency. Extraction can be carried out 
using supercritical carbon dioxide in conventional extractors 
suitable for supercritical fluid extraction. The extraction 

10 should be conducted at a temperature of at least about 40 deg C 
and a pressure of between about .400-600 atmospheres. The 
particular temperature and pressure will depend upon criteria well 
known in i^e art, such as specific solvent, polymer sample size, 
fineness of the ground material, and the desired extraction 

15 efficienpy. Extraction occurs via continuous purging under 
pressure with supercritical carbon dioxide, typically over a 
period of about 1-4 hours. Unreacted polysiloxane-containing 
monomer and low molecular weight polysiloxane-containing polymer 
is solubilized by carbon dioxide and Is then transported away from 

20 the remaining polymer via standard procedures, e.g., by a transfer 
line. 

Another generally applicable method is menitir^n^ separa^tPA* 
performed ia accordance with standard techiques known in the art. 
A method which can be useful , particularly for adhesive 

25 agents utilizinjgi polyi^iloxane-grafted polymers that are soluble in 
watery alcohol » or other polar solvents, is solvent extraction 
with a. nonpolar solvent. Suitable solvents include C3-C, 
hydrocarbons, preferably C5 -Cg hydrocarbons, such as hexane. 
Before performing the extraction, the polymer reaction product is 

30 precipitated out of the reaction solvent (e.g., with water), and 
dried. The extraction solvent is preferably heated to near or 
slightly above the average Tg of the non-silicone backbone portion 
of the polysiloxane-grafted polymer of the adhesive agent. The ■ 
temperature should be high enough so that the polymer softens, but 

35 not so high such that it congeals. The Tg of the polymer will 
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vary from species to species of polymer. The extraction solvent 
and reaction product can be mixed before, or after heating the 
solvent. The extraction solvent and polymer reaction product 
should be held with mixing and preferably in an excess of solvent, 
5 for a reasonable period to effectuate removal of the soluble 
materials. This period will depend upon the reflux temperature of 
the solvent, the Tg of the polyslloxane-grafted polymer of the 
adhesive agent, the tenperature to which the solvent is actually 
heated, the desired level of removal of unreacted monomer and the 

10 polyslloxane-contalning polyier having viscosity at 2S*C below 
about 10,000,000, and the number of cycles of solvent extraction 
to be performed. Typically, the solvent extraction periods will 
be from about one-half hour to about two hours, more typically 
from about one-half hour to about one hour. The solvent can be 

15 removed after each cycle by conventional Mans, e.g., decanting, 
filtering, etc., with drying or distillation to remove trace 
extraction solvent remaining in the product after the final 
extraction cycle. 

Analysis of the polymer reaction product and the extracted 

20 materials, and the purified film-forming agent can be done by 
conventional analysis techniques known in the art. These include, 
for example, nuclear magnetic resource {Vm}, infrared molecular 
spectroscopies, gel permeation/size exclusion chromatography, and 
atomic absorption and emission spectroscopies. 

25 

Carrier 

The cosmetic compositions of the Invention comprise the a 
carrier, or a mixture of such carriers, which are suitable for 
application to skin or hair. The carriers are present at from 

30 about. 0.5% to about 99.5%, preferably from about 5.0% to about 
99.5%; most preferably from about 10.0% to about 98.0%, of the 
composition. As used herein, the phrase "suitable for application 
to hair" means that the carrier does not damage or negatively 
affect the aesthetics of hair or cause irritation to skin. Choice 

35 of appropriate solvent will also depend on the particular polymer 
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to be used, and whether the product formulated 1$ meant to be left 
on the surface to which it rs applied (e.g.» hair spray, mousse, 
tonic) or rinsed off {e.g., shampoo, conditioner) after use. 

The carriers us«I herein include solvents, as well as other 
5 carrier or vehicle conpotienl^s conventionally used in hair care 
compositions. The solvent selected must be able to dissolve or 
disperse the particular stlicone-grafted ptflymsr being used. The 
slllcone-grafted polymers can be designed, . by appropriate 
combinatton of monomers, for formulation with a wide range of 

10 solvents. Suitable solvents, for use in tfie present Invention 
Include, but are not limited to, water, lower alcohols (e.g. Cx-C« 
nonoHydrIc alcohols, such as ethanol and isopropanol), hydro- 
alcoholic mixtures, hydrocarbons (such as -Isobutane, hexane, 
decene, acetone), halogenated hydrocarbons (such as Freon), Ifna- 

15 lool, hydrocarbon esters (such as ethyl acetate, dibutyl phtha- 
Tate), volatile silicon derivatives, especially slloxanes (such as 
phenyl pentamethyl dislloxane, methoxypropyl heptamethyl cyclo- 
tetrasiToxane, chlorapropyl pentamethyl dislloxane, hydroxypropyl 
pentamethyl dislloxane, octamethyl cyclotetrasiloxane, decamethyl 

20 cyclopentaslloxane, cycl^methlcone, and dimethicone (having for 
example, viscosity at 2S*C of about 15 eentipalse or less), and 
mixtures thereof. Preferred solvents Include water, ethanol, 
volatile silicone derivatives, and mixtures thereof. The solvents 
used In such mixtures m^ ber mlscible or immiscible with each 

25 other. 

Where the cosmetic compositions are conditioner compositions, 
such as iiair rinses w skin conditioners the carrier m^ Include 
gel vehicle materials. This gel vehicle comprises two essential 
components: a lipid vehicle material and a cationic surfactant 

30 vehicle material . Cationfc surfactant materials are described In 
detail below. Gel -type vehicles are generally described in the 
following documents, all incorporated by reference herein: Barry, 
"The Self Bodying Action of t*e Mixed Emulsiffer Sodium Dodecyl 
Sulfate/Cetyl Alcohol", 28 J. of Colloid and Interface Science 

35 82-91 (1968); Barry, et al., "The Self-Bodying Action of 
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AT Kyltr i methyl anmonium Bromldes/Cetostearyl Alcohol Mixed 
Emulsifiers; Influence of Quaternary Chain Length", 35 J. of 
Colloid and Interface Science 689-708 (1971); and Barry, et al., 
"Rheology of Systems Containing Cetomacrogol 1000 - Cetostearyl 
5 Alcohol, I. Self Bodying Action", 38 J. of Colloid and InterfafP 
Science 616-625 (1972). 

The carrier nay incorporate one or mre lipid vehicle 
materials which are essentially water-1i»solubTe, and contain 
hydrophoMc and hydrophiTIc moieties. Lipid vehicle naterlals 

10 Include naturally or synthetically-derived acids, acid deriva- 
tives, alcohols, esters, ethers, ketones, and amides with carbon 
chains of from about 12 to about 22, preferably from about 16 to 
about 18, carbon atoms In length. Fatty alcohols and fatty esters 
are preferred; fatty alcohols are particularly preferred. 

15 Lipid vehicle materials among those useful herein are dis- 

closed in Bailey's Industrial Oil and Fat Products. {3rd edition, 
0. Swern, ed., 1979), incorporated by reference herein. Fatty 
alcohols included among those useful herein are disclosed in the 
following documents, all incorporated by reference herein: U.S. 

20 Patent 3,155,591, Hllfer, issued November 3, 1964; U.S. Patent 
4,165,369, Uatanabe, et al., Issued August 21, 1979; U.S. Patent 
4,269,824, Vlllanarin, et al.. Issued Hay 26, 1981; British 
Specification 1,532,585, published November IS, 1978; and Fuku- 
shlma, et al., "The Effect of Cetostearyl Alcohol In Cosmetic 

25 Emulsions-, 98 Cosmetics I Toiletries 89-112 (1983). Fatty esters 
Included among those useful herein are disclosed in U.S. Patent 
3,341,465, Kaufman, et al., issued September 12, 1976 (incor- 
porated by reference herein). If included in the compositions of 
the present invention, the lipid vehicle material is present at 

30 from about 0.1% to about 10.0% of the composition; the cationic 
surfactant vehicle material is present at from about 0.05% to 
about 5.0% of the composition. 

Preferred esters for use herein include cetyl palmitate and 
glycerylmonostearate. Cetyl alcohol and stearyl alcohol are 

35 preferred alcohols. A particularly preferred lipid vehicle 
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material is conprlsed of a mixture of cetyl alcohol and stearyl 
alcohol containing from about 55X to about 6S% (by weight of 
mixture) of cetyl alcohols 

Preferred carrier for use in the compositions of the present 

5 invention, especially for hair rinses, include combinations of 
hydrophobically-modified hydroxyethyl cellulose materials with 
thickeners (such as locust bean gum), particular surfactants, 
quaternary ammonium cooqiounds (such as ditaTlowdimethyl ammonium 
chloride), and/or chelating agents (such as EDTA). These vehicles 

10 are described in detail lii the folToHing patents: U.S. Patent 
5,106,609, issued April 21, 1992 to Botich «t aT.» U.S. Patent 
5,100,658, issued Harcb 31, 1992 to Bolich et al., U.S. Patent 
5,104,646, issued April 14, 1992 to Bolich et a1, and U.S. Patent 
5,100,657, issued March 31, 1992 to Ansher-Jackson et al., each 

15 incorporated herein by ref^erence. 

Carriers, suitable for use with the present invention 
Include, for example, those used in the formulation of tonics, 
mousses, gels and hair sprays. Tonics, gels and non-aerosol hair 
sprays utilize a solvent such as water or alcohol while mousses 

20 and aerosol hair sprays additionally utilize a propellent such as 
trichlorof 1 uoromethane, di chl orodi fl uoromethane , dif 1 uoroethane , 
dimethyl ether, propane,: n-butane or isobutane. A tonic or hair 
spr^ product having a low viscosity «lso utilize an emul- 
sifying agent. Cxamptes of suitable emulsifying agents iticlude 

25 nonlonic, cationic, jUifohfc surfactants, or mixtures thereof. 
Fluorosurfactants are especially preferred, particularly if the 
product is a hair spray composition and most especially if it is a 
spr^ composition having relatively Tow levels of volatile organic 
solvents, such as alcohols, and relatively high levels of water 

30 (e.g., in excess of about lOX, by weight water). If such an 
emulsifying agent is used, it is preferably present at a level of 
from about 0.01% to about 7.5% of the composition. The level of 
propellant can be adjusted as desired but is generally from about 
3% to about 30% of mousse compositions and from about 15% to about 

35 50% of the aerosol hair spray compositions. 
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Suitable spray containers are well known In the art and 
Include conventional, non-aerosol pump sprays I.e., "atomizers," 
aerosol containers or can having propellant, as described above, 
and also pump aerosol containers utilizing compressed air as the 

5 propellent. Pump aerosol containers are disclosed, for example, 
in U.S. Patents 4,077,441, Harch 7, 1978, Olofsson and 4,850,577, 
July 25, 1989, TerStege, both incorporated by reference herein, 
and also in U.S. Serial No. 07/839,648, Gosselin, Lund, Sojka, and 
Lefebvre, filed February 21, 1992, "Consumer Product Package 

10 Incorporating A Spray Device Utilizing Large Diameter Bubbles. 
Pump aerosols hair sprays using compressed air are also currently 
marketed by The Procter & Gamble Coiq>any under their tradename 
VIDAL SASSOON AIRSPRAY* hair sprays. 

ffptipff?l Ipgrgjlent^ 

15 The . cosmetic compositions of the present invention m^ be 

formulated In a wide variety of product types, including mousses, 
gels, lotions, tonics, sprigs, shampoos and conditioners. The 
additional components required to formulate such products vary 
with product type and can be routinely chosen by one skilled in 

20 the hair care product art. The following Is a description of some 
of these additional components. 
Sqrfagtwts 

Surfactants are preferred optional ingredients in the compo- 
sitions of the invention, particularly shampoo and conditioner 

25 coiq>os1tlons. When present, the surfactant comprises from about 
0.05X to about 50% of the compos HI on. For a shasqioo, the level 
is preferably from about lOX to about SOX, most preferably from 
about 12% to about 25%, of the composition. For conditioners, the 
preferred level of surfactant Is from about 0.2% to about 3%. 

30 Surfactants useful In compositions of the present invention 
include anionic, nonlonic, cationic, zwitterionic and amphoteric 
surfactants . 

Synthetic anionic detergents useful herein, particularly for 
shampoo compositions, include alkyl and alkyl ether sulfates. 
35 These materials typically have the respective formulae ROSO3M and 



wo 93/23446 



PCF/US93/04429 



- 20 - 

R0(C2H40)xS03H, wherein R ts alkyT or tlkenyT of from about IQ to 
about 20 carbon atoms, x is 1 to I0» and H is a water-soluble 
cation such as anrnonium, sodium, potassium and trtethanol amine. 
Another suitable class of anionic surfactants are the water- 
5 soluble salts of the organic, sulfuric acid reaction products of 
the general formula: 
R1-SO3-H 

wherein Ri is chosen from the group consisting of a straight or 
branched chain, saturated aliphatic hydrocarbon radical having 

10 from about 8 to about 24, preferably about 12 to about 18, carbon 
atoms; and H is a cation. Important examples are the salts of an 
organic sulfuric acid reaction product of a hydrocarbon of the 
methane series, including iso-, neo-, and n-paraffins, having 
about 8 to about 24 carbon atoms, preferably about 12 to about 18 

15 carbon atoms and a sulfonating agent» e.9.,. SOa» H2SO4, oleum. 
Obtained according to icncNtn sulfonatfon methods, including 
bleaching and hydrolysis, (^referred are alkali metal and ammonium 
sulfonated C12-I8 n-paraffins. 

Additional examples of anionic synthetic surfactants which 

20 come within the terms of the present invention are the reaction 
products of fatty acids esterified with isethionic acid and 
neutralized with sodium hydroxide where, for example, the fatty 
acids are derived from coconut oil; sodium or potassium salts of 
fatty acid amides of methyl tauride in which the fatty acids, for 

25 example, are derived fron coconut oil. Other anionic synthetic 
surfactants of this variety are set forth In U.S. Patents 
2, 486^921 ; 2,486,922; and 2,396^78. 

Still other anionic synthetic surfactants include the class 
designated as succlnamates. This class Includes such surface 

30 active agents as dlsodiun N-octadecylsulfosucclnamate; tetrasodium 
N- (1 , 2-dTcarboxyethyl ) -N-octadecyl sul f osucci naraate; di amyl ester 
of sodium sulfosuccinic acid; dihexyl ester of sodium sulfosuc- . 
ctnic acid; dtoctyl esters of sodium sulfosuccinic acid. 

Other suitable anionic surfactants utilizable herein are 

35 olefin sulfonates having about 12 to about 24 carbon atoms. The 
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term "olefin sulfonates" is used herein to mean compounds which 
can be produced by the sulfonation of ct-olefins by means of 
uncoraplexed sulfur trioxide, followed by neutralization of the 
acid reaction mixture in conditions such that any sultones which 
5 have been formed in the reaction are hydrolyzed to give the 
corresponding hydroxy-alkanesulfonates. The a-olefins from which 
the olefin sulfonates are 'derived are mono-olefins having about 12 
to about 24 carbon atoms, preferably about 14 to about 16 carbon 
atoms. Another class of anionic organic surfactants are the 
10 ^-alKyloj^y alkane sulfonates. These compounds have the following 
formula: 

0R2 H 
I I 
Rl - C - C - SO3M 
15 I I 

H H 

where R] is a straight chain alRyl group having from about 6 to 
about 20 carbon atoms, R2 is a lower alRyl group having from about 
1 (preferred) to about 3 carbon atoms, and N is a water-soluble 

20 cation as hereinbefore described. 

Many additional nonsoap synthetic anionic surfactants are 
described in McCutcheon's. Deterni>nt5; and Emulsifiers. I9ft4 
Anmal. published by Allured Publishing Corporation, which is 
incorporated herein by reference. Also U.S. Patent 3,929,678, 

25 Laughlin et al., Issued December 30, ig75, discloses many other 
anionic as well as other surfactant types and is Incorporated 
herein by reference. 

Nonionic surfactants, which are preferably used in combina- 
tion with an anionic, amphoteric or zwitterionic surfactant, can 

30 be broadly defined as compounds produced by the condensation of 
alkylene oxide groups (hydrophilic in nature) with an organic 
hydrophobic compound, which may be aliphatic or alkyl aromatic in 
nature. Examples of preferred classes of nonionic surfactants 
are: 

35 
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Z. Those derived from the tbndensation of ethylene oxide 
with the product resulting from the reaction of propylene oxide « 
and ethylene diamine products. 

3. The condensation iiroduct «f aliphatic alcohols having » 
S from atwot 8 to about 18 caiton atoms, in either straight chain or 
branched chain configuratfon, with ethylene oxide, e.g.^ a coconut 
alcohol ethylene oxide condensate having from about 10 to about 30 
moles of ethylene oxide per mole of coconut alcohol, the coconut 
alcohol fraction having from about 10 to about 14 carbon atoms. 

10 4. Long chain tertiary amine oxides such as those 

corresponding to the following general formula: 

R1R2R3N -> 0 

wherein Ri contains an aTlyrl, alkenyl or monohydroxy alkyl radical 
of from about 8 to about 18 carbon atoms » from 0 to about 10 

15 ethylene oxide moieties, and from 0 to about I glyceryl moiety, 
and Hz and R3 conUin from about I to about 3 carbon atoms iind 
fnaa 0 to about 1 hydroxy group, e.g., methyl, ethyl, propyl, 
hydroxyethyl, or hydroj^opyl radicals (the arrow in the formula 
is a conventional representation of a semfpolar bond). 

2a S. Long chain tertiary phosphine oxides corresponding to 

the following general fomwla: 

RR'R"P >0 

wherein R contains an alKyl, alkenyl or raonohydroxyalkyl radical 
ranging from about 8 to about 18 carbon atoms in chain length, 

25 from 0 to about 10 ethylene oxide moieties and from 0 to about 1 
glyceryl moiety and R' and R" are each alkyl or raonohydroxyalkyl 
groups containing from about I to about 3 carbon atoms. The arrow 
in the formula is a conventional representation of a semi polar 
bond. 

30 6, Long chain dtalkyl sulfoxides containing one short chain 

alkyl or hydroxy alkyl radical of from about 1 to about 3 carbon 
atoms (usually methyl | and one long hydrophobic chain which 
include alkyl, alkenyl, hydroxy alkyl, or keto alkyl radicals 
containing from about 8 to about 20 carbon atoms, from 0 to about 

35 10 ethylene oxide moieties and from 0 to about I glyceryl moiety. 
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Examples Include: octadecyl methyl sulfoxide, 2-ketotr1decy1 
methyl sulfoxide, 3,6,9, -trixaoctadecyl 2-hydroxyethyl sulfoxide, 
dodecyl methyl sulfoxide, oleyl 3-hydroxypropyl sulfoxide, tetra- 
decyl methyl sulfoxide, 3-methoxytridecyl methyl sulfoxide, 
5 3-hydroxytridecyl methyl sulfoxide, 3-hydiroxy-4-dodecoxyfautyl 
methyl sulfoxide. 

Cationic surfactants useful in compositions of the present 
invention, particularly the conditioner compositions, contain 
amino or quaternary ammonium hydrophilic moieties which are 

10 positively charged when dissolved in the aqueous composition of 
the present invention. Cationic surfactants among those useful 
herein are disclosed in the following documents, all incorporated 
by reference herein: M.C. Publishing Co., McCutcheon's. Detsr- 
aents k Emulsifiers. (North American edition 1979); Schwartz, et 

15 a1.« ^nrfm Active Aq^nt?. Their Chemis try and Technolnov . New 
York: Interscience Publishers, 1949; U.S. Patent 3,155,j591, 
Hilfer, issued November 3, 1964; U.S. Patent 3,929,678, Laughlin, 
et al.. Issued December 30, 1975; U.S. Patent 3,959,461, Bailey, 
et al., issued May 25, 1976; and U.S. Patent 4,387,090, Bolich, 

20 Jr., issued June 7, 1983. If Included in the compositions of the 
present Invention, the cationic surfactant is present at from 
about 0.05% to about 5%. 

Among the quaternary ammonium-containing cationic surfactant 
materials useful herein are those of the general formula: 



wherein R1-R4 are independently an aliphatic group of from about 1 
to about 22 carbon atoms, or an aromatic, alkoxy, polyo^ydlKylene, 
30 alkylaroido, hydroxyall^yl, aryl or alkylaryl group having from 
about 12 to about 22 carbon atoms; and X is an anion selected from 
halogen, acetate, phosphate, nitrate and alkylsulfate radicals. 
The aliphatic groups may contain, in addition to carbon and 
hydrogen atoms, ether linkages, and other groups such as amino 



25 




35 
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groups. The longer chain aliphatic groups, eg., those of about 12 
carbons, or higher, can be saturated or unsaturated. v 

Other quaternary aimioniuBt salts useful herein are 
diquaternary ammoniuiii salts, such as tallow propane di ammonium 

5 dichloride. 

Quaternary aninonium salts include dialkytdimethyl-amtnonium 
chlorides^ wherein the alkyl groups have from about TZ to about 22 
carbon atoms and are derived from long-chain fatty acids, such as 
hydrogenated tallow fatty acid (tallow fatty acids yield 

10 quaternary compounds wherein and R2 have predominately from 16 
to 18 carbon atoms). Examples of quaternary ammonium salts useful 
in the present invention include dit^llowdtnethyl ammonium chlo- 
ride» ditallowdimethyl ammonium methyl sulfate, dihexadecyl 
dimethyl ammonium chloride, di (hydrogenated tallow> dimethyl 

IS ammonium chloride, dioctadecyl dimethyl aimonium chloride, diei- 
cosyl dimethyl ammonium chloride, didocosyl dimethyl ammonium 
chloride, di (hydrogenated tallow) dimethyl ammonium: acetate, 
dihexadecyl dimethyl ammonium chloride, dihexadecyl dimethyl 
ammonium acetate, ditallow dipropyl ammonium phosphate, ditaHow 

20 dimethyl annonium nitrate, di(coconutalkyl) dimethyl ammonium 
chloride, and stearyl dimethyl benzyl ammonium chloride. Oltallow 
dimethyl annonfum chloride, dicetyl dimethyl ammonium chloride, 
stearyl dimethyl benzyl ammonium chloride and cetyl trimethyl 
ammonium chloride are preferred quaternary ammonium salts useful 

25 herein. Oi-(saturated or unsaturated tallow} dimethyl ammonium 
chloride i& a particularly preferred quaternary ammonium salt. 

Salts of primary, secondary and tertiary fatty amines are 
also suitable catlonfc surfactant materials. The alkyl groups of 
such amines preferably have from about 12 to about 22 carbon 

30 atoms, and m^ be substituted or unsubstituted. Such amines, 
useful herein, include stearamido propyl dimethyl amine, diethyl 
amino ethyl stearamide, dioethyl stearamine, dimethyl soyamine, 
soyamine, myristyl amine, tridecyl amine, ethyl stearyl amine; 
M-tallowpropane diamine, ethoxylated (5 moles E.G.) stearylamlne, 

35 dihydroxy ethyl stearylamine, and arachidylbehenyl amine. Suitable 
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amine salts Include the halogen, acetate, phosphate, nitrate, 
citrate, lactate and alKyl sulfate salts. Such salts include 
stearyl amine hydrochloride, soyamine chloride, stearyl amine 
formate, N-tallowpropane diamine dichloride and stearamidopropyl 
5 dimethylamine citrate. Cationic amine surfactants Included among 
those useful in the present invention are disclosed in U.S. Patent 
4,275,055"; NachtigaTT et al., issued June 23, 1981, incorporated 
by reference herein. 

Zwitterionic surfactants, useful in shampoos as well as 
10 conditioners, are exemplified by those which can be broadly 
described as derivatives of aliphatic quaternary ammonium, phos- 
phoniuR, and sulfonium compounds, in which the aliphatic radicals 
can be straight or branched chain, and wherein one of the ali- 
phatic substituents contains from about 8 to about IB carbon atoms 
15 and one contains an anionic water-solubillzlng group, e.g., 
carbG](y, sulfonate, sulfate, phosphate, or phosphonate. A general 
formula for these compounds is: 
(R3)x 
I 

20 r2....y(+)— -CH2— -R*— -Z(-) 

wherein r2 contains an alKyl, alkenyl, or hydroxy alkyl radical of 
from about 8 to about 18 carbon atoms, from 0 to about 10 ethylene 
oxide moieties and from 0 to about 1 glyceryl moiety; Y is se- 
lected from the group consisting of nitrogen, phosphorus, and 

25 sulfur atoms; Is an alkyl or monohydroxyalRyl group containing 
about 1 to about 3 carbon atoms; X Is 1 when Y is a sulfur atom, 
and 2 tdhen Y Is a nitrogen or phosphorus atom; is an alkylene 
or hydroj^alKylene of from about 1 to about 4 carbon atoms and Z 
is a radical selected from the group consisting of carboxylate, 

30 sulfonate, sulfate, phosphonate, and phosphate groups. 

Other zwitterionics such as betaines are also useful in the 
present invention. Examples of betaines useful herein include the 
high alkyl oetaines, such as coco dimethyl carboxymethyl betaine, 
lauryl dimethyl carboxymethyl betaine, lauryl dimethyl alpha- 

35 carboxyethyl betaine, cetyl dimethyl carboxymethyl betaine, lauryl 
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bis-(2-hydroxyethyl) carboxymethyl beUlne, stearyl b1s<-(2- 
hydroj^Fopyl} carboxynethyT betafne^ oTeyl <ffmfttl|y1 ganma- 
carboxypropyl bistaine, and lauryl bis-(2-hydroxypropyT)alpha- 
carboxyethyl betaine. The sulfobetalnes may be represented by 

5 coco dimethyl sulfopropyl betaine, stearyl diinethyT sulfopropyl 
betaine, lauryl dimethyl sulfoethyl betaine, Tauryl bis-{2-hy- 
dros^ethyl} sulfopropyl betaine and the like; amidobetaines and 
amidosulfobetaines, wherein the RCONH(CH2}3 radical is attached to 
the nitrogen atom of the betaine are also useful in this 

10 invention. 

Examples of amphoteric surfactants wtifch can be used in the 
compositions of the present invention are those irtiich are broadly 
described as derivatives of aliphatic secondary and tertiary 
amines in which the aliphatic ra;d1ca1 can be straight or branched 

15 chain and Mherein one of the aliphatic substituents contains from 
about 8 to about 18 carbon atoms and one contains an uiionic water 
salubilizing group, e.g., carbojQT, sulfonatB, sulfate, phosphate, 
or phosphonate. Examples of compounds falling within this defini- 
tion are sodium 3-dodecyl-aminopropionate, sodium 3-dodecylamino- 

20 propane sulfonate, H-al Kyi taurines such as the one prepared by 
reacting dodecylamine with sodium isethionate according to the 
teaching of U.S. Patent 2,658,072, N-higher alKyl aspartic acids 
such as those produced according to the teaching of U.S. Patent 
2,438,091, and the products sold under the trade name "Niranol" 

25 and described in U.S. Patent 2,528,378. 

Ruorosurfactant 
The compositions of the present invention can contain, 
fluorosurfactant. Suitable fluorosurfaetant can be cationic» 
anionic, amphoteric, zwitterionic, nonionic or a mixture thereof. 

30 Fluorosurfactants include perfluorinated compounds such as 

those represented by the formula 

CF3'(CF2)x-(CH2)y-Z 
where Z is a water solubilizing group of either organic or in- 
organic character, x is an integer which is generally from 2 to 

35 17, particularly from 7 to 11, and y is an integer from 0 to 4, 
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and said compounds nay be cationic, anionic, amphoteric or zwit- 
terlonic, depending upon the nature of the grouping or groupings 
encompassed by Z. The Z groups may be or may comprise sulfate, 
sulfonate, carboxylate, amine salt, quaternary ammonium, phos- 
5 phate, phosphonate, and combinations thereof. The perfluorinated 
compounds are known 1n the art. These compounds are described In 
U.S. Patent 4,176,176, Cella et al., Issued November 27, 1979; 
U.S. Patent 3,993,745, Cella et al., issued November 23, 1976, and 
U.S. Patent 3,993,744, Cella et al., Issued November 23, 1976, 

•10 each being incorporated herein by reference. 

Cationic fluorosurfactants include fluorinated alkyl 
quaternary ammonium salts having a variety of anionic counter 
Ions, Including Iodide, chloride, methosulfate, phosphate, and 
nitrate salts, preferably an Iodide; and those fluorosurfactants 

IS conforming to the formula RfCHjCHjSCHjCHjN+CCHjjjtCHjSOJ- wherein 
Rf- F(CFjCFj),-,, such as Zonyl FSC« supplied by OuPont. Preferred 
fluorinated alKyl quaternary ammonium Iodides are supplied under 
the tradename Fluorad FC-135* supplied by 3M. 

Anionic fluorosurfactants include mono-, and 

20 bis-perfluoroalkyl phosphates, such as Zonyl FSP» supplied by 
DuPont and conforming to the general formulae 
(RfCH3CH,0)P(O)(ONH,)2(RfCHjCH20),P(O)(0NHJ wherein 
Rf- FtCFjCFj),-,; nwno- and bis-fluoroalkyl phosphates, having a 
variety of cationic counterlons such as ammonium, sodium, potas- 

25 slum, triethanol amine and diethanolamlne salts, preferably ammo- 
nium salts, complexed with non-fiuorlnated quats, preferably 
aliphatic quaternary methosul fates, such as Zonyl FSJ* supplied by 
DuPont; perfluoroalKyl sulfonic acid having a variety of cationic 
counterlons such as ammonium, sodium, potassium, triethanol amine 

30 and diethanolamlne salts, preferably ammonium salts, such as Zonyl 
TBS® supplied by DuPont and conforming to the formula RfCHjCHjSOjX 
wherein Rf^FCCFjCF^) j.^ and X=H and NH^; telomer phosphates, 
having a variety of cationic counterlons such as ammonium, sodium, 
potassium, triethanol amine and diethanolamlne salts, preferably 

35 diethanolamlne salts, such as Zonyl RP® supplied by OuPont; amine 
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perfTuoroalkyl sulfonates, such as FTuorad Fe-99* supplied by 3H; 
ammonium perfluoroallcyl sulfonates, such as Fluorad FC-93*, 
FTuorad FC-120* and L-I?402», supplied by 3H; potassium 
perfluoroalkyl sulfonates, such as Fluorad FC-95* and Fluorad 
5 FC-98® supplied by 3Mi potassium fluorinated alfcyl carboxylates, 
such as Fluorad Fe-129® supplied by 3M; ammonium perfluoroalkyl 
carbojo^lates, such as Fluorad FC-I43* supplTed by 3H; and those 
fluordsurfactants conforming to the general formula 
RfCH^CH^SCHjCHjGOjLt wherein Rf-F(CFjCFj) j.,, such as Zonyl FSA« 

10 supplied by DuPont. 

Amphoteric fluqrosurfactants include fluorinated alKyl 
amphoterics such as Fluorad FC-lOO* supplied by 3H. 

Zwitterionic fluorosurfactants preferred for use in the 
present compositions are those fluorosurfactants conforming to the 

15 formula RfCHtCH(OCOCHs}CH£lH'(CHa}eGH2C6£ wherein Rr-FCCFjCF^h-ft 
such as Zonyl FSK» supplied by DuPont. 

Fluorosurfaetants can be used alone or in combination in the 
hair spray compositions of the present invention. 

Fluorosurfaetants, when used, will typically be present at 

20 from about 0.01% to about 2%, preferably from about O.OIX to about 
I.S%, by weight of the composition. 

The above-mentioned surfactants can be used alone or in 
combination iii the compositions hereof > 

The cosmetic compositions herein can contain 4 variety of 

25 . other optional components suitable for rendering such compositions 
more cosneticaTly or aesthetically acceptable or to provide them 
with additional usage benefits. Such conventional optional 
ingredients are well^icnown to those skilled tn the art, e.g., 
pearlescent aids, such as ethylene glycol distearate; preserva- 

30 tives, such as benzyl alcohol » methyl paraben, propyl paraben and 
imidazolidinyl ureaj thickeners and viscosity imwiiflers, such as a 
dtethanol amide of a long chain fatty acid (e.g., PEG 3 lauric 
diethanolamfde), cocomonoethanol amide, dimethlcone copolyols, 
guar gum, methyl cellulose, starches and starch derivatives; fatty 

35 alcohols, such as cetearyl alcohol;; . sodium chloride; sodium 
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sulfate; polyvinyl alcohol; ethyl alcohol; pH adjusting agents, 
such as citric acid, sodiifln citrate, succinic acid, phosphoric 
acid, sodium hydroxide, sodium carbonate; salts, in general, such 
as potassium acetate and sodium chloride; coloring agents, such as 
5 any of the FD&C or D&C dyes; hair oxidizing (bleaching) agents, 
such as hydrogen peroxide, perborate and persulfate salts; hair 
reducing agents, such as the thioglycolates; perfumes; sequester- 
ing agents, such as disodiun ethylenedlamine tetra-acetate; and 
polymer plastlcizing agents, such as glycerin, disobutyl adipate, 
10 butyl stearate. and propylene glycol. Such optional ingredients 
generally are used individually at levels of from about 0.01% to 
about 10. OX, preferably from about 0.05X to about 5.0%, of the 
composition. 

The pH of the present compositions generally will be between 
15 about 3 and about 9, preferably between about 4 and about 8. 

As with all compositions, the present invention should not 
contain components which unduly Interfere with the performance of 
the compositions. 

The cosmetic compositions of the present invention can be 
20 made using conventional formulation and mixing techniques. 
Methods of making various types of cosmetic compositions are 
described more specifically in the following examples. 

Method of Usfl 

The cosmetic compositions of the present invention are used 
25 in conventional ways to provide the 
condltloning/styllng/hold/adheslve/fllm-forming or other benefits 
of the present Invention. Such method of use depends upon the 
type of composition employed but generally Involves application of 
an effective amount of the product to the hair or skin, which may 
30 then be rinsed from the hair or skin (as in the case of shampoos 
and some conditioning products) or allowed to remain on the hair 
(as in the case of spray, mousse, gel, skin lotion, film-forming 
skin lotion with medicament, and tonic products). By "effective 
amount" Is meant an amount sufficient to provide the film-forming 
35 benefits desired. Preferably, hair rinse, mousse, and gel 
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products arv applied to wet or damp hafr prior to, dryfng and 
styling of the hair. After such coniposttions are applied to the 
hair, the hair is dried and styled in the usual ways of the user. 
Hair sprays are typically applied to dry hair after it has already 

5 been dried and styled. Cosmetics and skin lotions are applied to 
face, skin, or eye area in the conventional namiers of usage for 
those types of products. 

In another aspect hereof, adhesive agents containing 
polyslloxane-grafted polymers, such as those described in U.S. 

10 Patent 4,693,935, Mazurek, issued September 15, 1987 and U.S. 
Patent 4,728,571, Clemens et al., issued March 1, 1988, can be 
used in adhesive proucts such as adhesive tapes and backing sheets 
for adhesive materials. Thus, the adhesive agents hereof also can 
include non-pressure sensitive as well as pressure sensitive 

15 flTm-forming polymers. 

The following experimentals and examples further illustrate 
preferred embodiments within . the scope of the present Invention. 
The examples are given solely for the purposes of illustration and 
are not to be construed as limitations of the present invention as 

20 many variations of the Invention are possible without departing 
from its spirit and scope. 

Expgfiipgntal ft 

A 60X/205i/20X t-butyl acryl ate/acrylic acid/polydimethyV 
siloxane-containiiig (PDMSJ vinyl monomer (10,000 MW) is made by 

25 free radical polymerization in an acetone reaction medium, as 
described above for Polymer I. The percentages represent the 
weight percent of the total mononnr added to the reaction. 

The reaction product is precipitated out of the acetone by 
water addition and dried. Hi»ane extraction of the reaction 

30 product is then performed by adding an excess of hexane to the 
reaction product and heating to reflux, about 70'e. The Tg of the 
non-silicone portion of the adhesive agent polymer is about 63*0. 
The mixture is held at this temperature with stirring for about 30 
minutes and cooled to room temperature. The hexane is removed by 

35 vacuiM suction. Two more hexane extraction cycles are conducted 
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In the same nanner as above. After the third cycle, residual 
hexane remaining with the product Is removed by distillation and 
vacuum drying. 

Exoerlmental B 

5 An 80V20% t-butyl acrylate PDMS (10,000 MW) polymer is made 

according to the same procedures as for Polymer I, above, except 
that the monomers that are polymerized are 80%, by weight, t-butyl 
acrylate and 20%, by weight, of the PDMS-containing vinyl monomer. 
The reaction medium is ethyl acetate. 

10 The reaction product is precipitated out of the reaction 

solvent by water addition and dried. The polymer is next ground 
to a fine powder In preparation for supercritical fluid extraction 
with carbon dioxide. The extraction is carried out at a 
temperature of about 40'C and a pressure of about 600 atmospheres. 

IS The extraction vessel is continuously purged under pressure with 
supercritical carbon dioxide over a period of about 1 hour. 

Low molecular weight polysiloxane-containing monomer and 
polymer about 1 hour is solubilized by the supercritical carbon 
dioxide and transported away from the remaining polymer via a 

20 transfer line, which is maintained at identical temperature and 
pressure as the extraction vessel. The extracted materials are 
collected in an extraction vessel. Following extraction, the 
system is depressurized and dry, extracted polymer is recovered 
from the extraction vessel. 

25 EXAMPLgS I-TTT 

The following are hair spray compositions representative of 
the present invention. 

J_ JI_ in 

30 Polys iloxane-Grafted Polymer (Exp. A) 4.5 4.5 4.5 
Ethanol 79.0 79.0 86.4 

Diisobutyl adipate 0.7 
Potassium Hydroxide Solution (45% cone) 1.0 1.0 1.0 
Perfume 0.2 0.2 0.2 

FC-120 Fluorosurfactant (3M Co) (25% active) -- - 0.14 
Water q.s. to 100% 

35 This product is prepared by dissolving the silicone polymer 

to the ethanol and mixing for several hours until all the polymer 
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is dissolved. PTasticizer is then added, if applicable. 
Potassium hydroxide is then added. Water or water/surfactant, as 
applicabler is added. Fragrance is added last. All ingredients 
are added under nixing conditions. The product can be packaged in 
5 conventional nonaerosol punq> spray containers and conpressed air 
pump sprstf aerosol, containers. 

The following is a hair grooming tonic composition repre- 



sentative of the present invention. 

.10 Component Weight % 

PolysiToxane>Grafted Polymer (Exp. A) 0.70 

Perfume 0.10 

Ethanol q.s. 



The composition is made by mixing the above caB9)onents 
15 together in a conventional manner. 

EXAMPLE V 

The following is a shampoo composition representative of the 



present invention. 

Component Weight % 

20 Anmonium laureth sulfate 7.00 

Cocamido propyl betaine 6,00 

Polys iloxane-6raf ted Polymer (Exp. A> 2.00 

Ethanol 10.00 

PEfi 150 distearate 2.00 

25 NaOH O.IS 

Glydant^ 0.38 

Perfume 1.00 

DR0H»0 q.s. 



^ preservative commercially available from GlycOj Inc. 
30 The shampoo is prepared by combining the annoniuin laureth 

sulfate (normally supplied as a 28% solution in water) and 
Silicone Copolymer and heating to 70*C for about 1/2 hour with 
mixing. The remaining ingredients are . added and mixed for an 
additional 1/2 hour. The batch is then cooled to ambient 

35 
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temperature. Coii9)osit1on pH Is adjusted to 6.5 by the addition of 
citric acid or sodium hydroxide, if necessary. 

VI 

The following is a cold-wave hair pern canposition repre- 
5 sentative of the present Invention. 

Co|t)pofient Weight % 

Thioglycolic acid S.Oa 
Honoethanol amine 6.00 
Polysiloxane-Grafted Polymer (Exp. A) 1.50 
10 PEG 10 monostearate 0.50 
DRO HjO q.s. 

The composition is prepared by blending all the ingredients 
with agitation for about 1/2 hour at 60*C and then cooling to 
ambient temperature. 
15 EXAMPLE YII 

The following Is a styling gel composition representative of 
the present invention. 

Component Weight % 

PolysHoxane-Grafted Polymer (Exp. A) 2.00 

20 Carbopoi 940^ 0.75 

Triethanol amine 1.00 
Dye solution 0.05 
Perfume 0.10 
Laureth-23 0.10 

25 DRO HgO q.s. 

> cross-linked polyacrylic acid, commercially available from 
B. F. Goodrich 

This batch is made by mixing the listed components together 
in a conventional manner. 
30 EXAMPLE VIII 

The following is a hair mousse composition representative of 
the present invention. 

Component Weight % 

Polysiloxane-Grafted Polynnr (Exp. A) 3.00 
35 Ethanol 15.00 
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Cocamine oxide 
D.C. 1901 
Cocatnide DEA 
Perfume 
Isobutane 
DRO HjQ 



0.60 

O.20 
0.30 
0.10 
7.00 
q.s. 



i dimethicone copoTyol, comraercfany available from Dow Corning 

The composition is made by blending all of the ingredients 
except isobutane tt ambient temperature until well mixed. Alumi- 
num aerosol cans are then filled with 95 parts of this batch, 
affixed wfth a valve which is crimped into position, and lastly 
pressure fllTed wfth 5 parts isobutane. 



rinse 



The following are htfr styling/conditioning 
compositions representative of the present invention. 



C0BP0?ttipn J2L JL 

Citric Acid a.OZ O.OZ 

Sodium Citrate 0.09 0.09 

Cetyl Alcohol 0.12 0.12 

20 Stearyl AlochoT 0.08 0.08 

Natrosol Plus CS Crade D-67» 1.05 1.10 

Xanthan Gum* 0.25 0.25 
Styling Polymer Preraix 

Polysiloxane-Srafted Polymer CExp. B) 1.75 1.75 

25 OctanetKyI cyclotetrasiTbxane 5.98 5.98 

DecamthyT cyctopentasiloxane 2.56 2.56 

Butyl Stearate 0.15 0.15 

Kathon CG 0.03 0.03 

Perfume 0.33 0.33 
30 Conditioner Pranix . 

DRO Water 12.18 11.88 

Adogen 442-IOOP* .0.75 0.75 

Adogen 4715 — fl.go 
Stearyl Trimethyl 

35 Ammonium Chloride 0.30 



wo 93/23446 



PCrAJS93/04429 



- 35 - 

Silicone Gum Prenix 

Oecanethyl ciyclopentasiloxane 1.42 1.42 

Polydlmethyl Sllox&ne Gum> 0.25 0.25 

Amodlmethicone (Dow Coming 02-8220) 0,10 

DRO Water q.s. q.s. 

^Hydrophoblcally modified hydroxyethyl cellulose from Aqualon 
Corp. 

"Readily dispersible xantham gum 

'SE-76 gum available From General Electric 

^Oitallow dimethyl ammonium chloride, Sherex Chemical Co., Dublin, 
Ohio, USA. 

'Tall ON trimethyl ammonium chloride, Sherex Chemical Co. 

The styling polymer prenix is prepared by combining the 
polymer, the octamethyl tetraslloxane and decamethyl 
pentasiloxane, and butyl stearate. 

The silicone gum premlx is prepared by combining and nixing 
(in a separate vessel) the silicone gum and decamethyl cyclopenta- 
siloxane until h(»nogeneous. 

The conditioner premix is prepared by combining and mixing 
(in a separate vessel) DRO water, any primary and secondary 
thickeners (premelted if necessary to ensure homogenity) at 82* 
the silicone gum premlx, and amodiomethicone at 7rc, until 
homogeneous. 

In another vessel, the DRO water is heated to 7rc. Citric 
acid, sodium citrate, cetyl alcohol, stearyl alcohol and Natrosol 
Plus CS grade D-67 are added and mixed until homogeneous. The 
xanthan gum is added and mixed until homogeneous. The styling 
polymer premix, Kathon CG and perfume are added and mixed until 
homogeneous. The composition is further dispersed with an in-line 
homogenizer (such as Tekmar homogenizer) and then cooled to 38*C. 

The conditioner premix is also further dispersed with an 
in-line homogenizer and cooled to 38*C and added to the final 
vessel, mixing until homogeneous to form the styling rinse 
composition. 
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Vihen the compositions defined in Exanples I-X are applied to 
hair in the cdnventional manner, they provide effective hair 
conditioning and styling/hold benefits without leaving the hair 
with a sttclor/sttff feet. 

5 EXAMPLE XI 

An aerosol hair spraiy composition of the present invention is 
pr^ared as follows: 

Com ponent Weight % 



Polysil©xane-6rafted 


4.00 


Pi^lyneir CExp< A) 




Water 


IlvOp 


Ethanol 


63.50 


KOH (45)t solution) 


0.90 


Isobatane . . 


■ IS.00 


Difluoroethane 


6.00 



All of the ingredients except for the propellants are mixed 
together at ambient temperature until the polymer is dissolved. 
The mixture is placed in an aerosol can which is then equipped 
20 with a conventional aerosol spray can valve^ which is vaccuum 
crimped in place. The propellants are then filled through the 
valve and the can is equipped with a conventional aerosol spray 
can activator. 
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WHAT IS CLAIMED IS: 

■J 

1. A polymeric adhesive agent comprising a polyslloxane- 
« -grafted polymer, made by the polymerization of polysiloxane- 

containing monomers with non-polysiloxane-contalning monomers, 
wherein said adhesive agent has a weight average molecular 
weight of at least 20,000 and contains from 1% to 50%, by 
weight, of polysiVoxane-containing monomers, characterized in 
that said adhesive agent: has a weight percentage of silicon 
present as unreacted polysiloxane-containing monomer and and 
polysiloxane grafted polymer having a viscosity at 25*C of 
below 10,000,000 centlstokes based on the total silicon 
present as unreacted poTyslloxane-containIng monomer and 
polysiloxane-grafted polymer of 15X or less; and contains no 
more than 4%, by weight, of unreacted polysiloxane-contalning 
monomer and polysiloxane-grafted polymer having a viscosity at 
25*C of below 10,000,000 centlstokes. 

2. An adhesive agent as in Claim 1, wherein the weight 
percentage of unreacted polysiloxane-containing monomer and 
polysiloxane-grafted polymers having a viscosity at 25'C of 
below 10,000,000 centlstokes based on the total silicon 
present as unreacted polysiloxane-containing monomer and 
polysiloxane-grafted polymer is 10% or less, preferably 5% or 
less, and said adhesive agent contains no more than 3%, 
preferably no more than IX, by weight, of unreacted 
polysiloxane-containing monomer and polysiloxane-grafted 
polymer having a viscosity at 25'C of below 10,000,000 
centlstokes. 

3. An adhesive agent as in Claim 1 or 2, wherein said 
weight average molecular weight of said adhesive agent is at 
least 75,000, preferably at least 100,000, more preferably 
from 100,000 to 750,000. 
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4. An adhesive agent as in Claim 1,, 2, or 3, wherein 

said poller comprises from 50% to 99%, by weight of the ;r 
adhesive agent* of polymer izable^ ethyTenically unsaturated 
polymerlzabTe nionon»rs» and from IX to 50% preferably from 2% # 
to 25% of poTysiloxane-cpntaining monomers having a molecular 
weight of at least 1,000 and the general fomuTa: 
X(Y)nS1(R)3-Bi{Z)m wherein 

X is a vinyT group copoTymerizable with the A and B 
monomers 

Y is a divalent linking group 

R is a hydrogen, hydroxyl, lower allqfl, aryT, alkaryT, 
alkylamino, or aTko:^ 

Z Is a monovalent slloxane polymerfc moiety having a 

number average molecular weight of at least 500, Is 

essentially unreactive under copolymerization conditions, 

and is pendant from said vinyl polymeric backbone after 

polymerization 

n is 0 or 1, and 

m is an integer from 1 to 3. 

5. An adhesive agent as in Claim 4, wherein said non- 
polysiloxane-containing monomer is a free radically 
polymerizable vinyl .. . 

6. An adhes:1vs agent as in Claim: 4 or 5, wherein said 
non-polysiloxane-containing monomers are selected from the 
group consisting of hydrophobic monomers selected from the 

group consisting of acrylic acid esters of Cj-Cis alcohols, e 

raethacrylic acid esters of Ci-Cig alcohols, styrene, 

polystyrene macromer, vinyl acetate, vinyl chloride, vinyl ' 

propionate, vinylidene chloride, alpha-ijiethylstyrene, 

t-butyl styrene, butadiene, cyclohexadiene, ethylene propylene, 

vinyl toluiene, acrylic acid, methacrylic acid, N,N- 

dimethylacryl amide, dimethyl ami no ethyl methacryl ate, quater- 

nlzed dimethyl aminoethyl methacryl ate, methacryl amide. 



wo 93/23446 



PCr/US93/04429 



- 39 - 

N-t-butyl acrylamide, maleic acid, maleic anhydride, half 
f esters of naleic anhydride, crotonic acid, itaconic acid 

acrylamide, acrylate alcohols, hydro^^yethyl methacrylate, 
« di ally! dimethyl ammonium chloride, vinyl pyrrol idone, vinyl 

ethers, naleimides, vinyl pyridine, vinyl Imidazole, styrene 
sulfonate, allyl alcohol, vinyl alcohol, vinyl caprolactam, 
and mixtures thereof, and hydrophilic monomers selected from 
the group consisting of acrylic acid, methacrylic acid, 
N.N-dimethylacrylainide, dimethyl ami noethyl methacrylate, 
quaternized dimethyl ami noethyl methacrylate, raethacryl amide, 
N-t-butyl acrylamide, maleic acid, maleic anhydride and its 
half esters, crotonic acid, itaconic acid, acrylamide, 
acrylate alcohols, hydro)(yethyl methacrylate, diallyldimethyl 
ammonium chloride, vinyl pyrrol idone, vinyl ethers, 
maleimides, vinyl pyridine, vinyl imidazole, other polar vinyl 
heteropyclics, styrene sulfonate, allyl alcohol, vinyl 
alcohol, vinyl caprolactam, salts of the above acids and 
amines, and mixtures thereof. 

7. An adhesive agent as in Claim 6, wherein said hydro- 
phobic monomers are selected from the group consisting of 
t-butyl acrylate, t-butyl methacrylate, and mixtures thereof. 

8. An adhesive agent as in Claim 6 or 7, wherein said 
hydrophilic monomers are selected from the group consisting of 
acrylic acid, N,N-dimethyl acrylamide, dimethyl ami noethyl 
methacrylate, quaternized dimethyl arainoethyl methacrylate, 

f vinyl pyrrol idone, salts of the above acids and amines, and 

mixtures thereof. 

9. An adhesive agent as in Claim &, 7, or 8, comprising 
from 0% to 85%, by weight, of said hydrophobic monomers, from 
14% to 95% of said hydrophilic nranomers, and from 1% to 40% of 
said polyslloxane-containing monomers, preferably from 5% to 
70% of said hydrophobic mononers, frm 29% to 80% of said 
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hydrophflic monomers, and from 2% to ZS% of said 
polysil oxane-containing monomers, 

10. An adhesive agent as In Claim 7, or 8, comprising 
from 0% to 70X» by weight, of said hydrophoTIc monomers^ from 
20% to 80% of said hydrophibic monomers, and from IX to 40X of 
said polyslloxane-contalning monomers, preferably from 5% to 
70% of said hydrophobic monomers, from 20% to 60% of said 
hydrophoTic mononers, and from 2% to 2S% of said 
poTysiloxane-containing imMomers. 

11. A hair care composition useful for styling hair, 
comprising the adhesive agent of Claim 1, 2, 3, 4, 5, 6, 7, 8, 
9, or 10 and a carrier suitable for application ta the hair, 

12. A hair care compo;sition as in Claim II, in the form 
of liquid suitable for spray application to the hair, wherein 
said carrier comprises inter, C,-Ce nonohydric alcohol, or a 
mixture thereof. 
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A Squid hdr cosmetie camposhioo comprising: (a) firom about 0.1 % by weight to about 10 % by weight (acid basis) <rf a uUcone- 
coataining polycaitiagtylic add copolymer ha^ a vinyl pdymoic backbone, and having giafied to the backbone a Mlioone-containing 
maonmer having a weight average molecular weight of from about 1,000 to about 50,000; (b) a mixed neu&aiismg system coo^sing an 
organic and an inorganic base, wherrin the organic base is at a level raflicient to neutralise finm dxnit OjOI % to about 1 5 % of tte add 
groiqs on the giUoone<(ntaiiiing copolymer while the inorganic base is al a levd flofBdent to nenl^^ 

die add groups on die silioone-oontaining copobmer, and (c) firom 0 % to about 10 % by wdght of watec and (d) the bahmoe Cflmpriaiiig 
a canier suittble for applicatton to hair. The li^ud hair ooametiepiDdDets ham an improved darityaaddemonaM 
benefitt in addition to hair feel attdaiuies and ease of hmdi out 




FOR THE rVKPOm OF INFORUAnON (XULT 




IVO 95/00106 



1 



PCTAJS94/0S245 



HAIR COSMETIC COMPOSITIONS 



Technical Field 

The present invention relates to hair cosmetic compositions. . More 
particularly, this invention relates to liquid hair cosmetic- compositions 
containing silicone grafted hair styling polymer neutralised with a mixture 
of inorganic and organic neutralising agents and having inqiroved product 
stability and style retention properties. 

Background Of The Invention 

The desire to have the hair retain a particular shape is widely held. A 
common methodology for accomplishing this is applying hair styling, or 
"setting" compositions to the hair, typically to damp or dry hair. These 
compositions provide temporary setting benefits, and should be removable 
by water and/or by shampooing. The materials used in die compositions 
to provide the setting benefits are generally applied in the form of 
mousses, gels, lotions or sprays. 

High levels of style retention, or hold, are typically expected from hair 
styling compositions applied as a spray. Style retention is typically 
achieved by the use of resins, such as AMFHOMER, supplied by 
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National Starch, and GANTREZ SP 225, supplied by GAF. As used in 
commercially sold hairspray products, these resins generally have a 
weight average molecular weight of from about 40,000 to about 150,000. 
- When such resins are incorporated into pump and aerosol hairsprays, they 
can provide suitable style retention attributes. However, such resins are 
found to be deficient in the area of hair feel and can give a stiff hair feel. 

Recently, it has been found that certain neutralisable polymers having 
silicone macromer portions can provide good style retention benefits to 
the hair while also providing improved hair feel. In other words, such 
silicone macromer-containing polymers can impart a tactile sense of 
softness and conditioning to the hair relative to conventional, non- 
silicone-containing resins without the tacky hair feel traditionally 
associated with non-siiicone hair fixative polymers. Silicone macromer- 
containing hair styling polymers and formulations containing them are 
disclosed, for example, in EP-A-0,408,311 A2 issued January Uth 1991, 
Hayama, et al., US-A-5,061,481, issued October 29th 1991, Suzuki et 
ah, US-A<5, 106,609, Bolich et al., issued April 21st 1992, US-A- 
5,100.658, Bolich et al., issued March 31st 1992, US-A-5, 100,657, 
Ansher-Jackson, et al., issued March 31st 1992 and US-A-5, 104,646, 
Bolich et al., issued April Uth 1992. 

It is well known that at least partial neutralisation of the silicone 
macromier containing hair styling polymer is necessary to maximise its 
utility in hair styling compositions. Typically, silicone grafted co- 
polymers neutralised with an inorganic neutraliser exhibit good solubility 
in hairspray compositions containing 15% water. However, it has now 
been found that such inorganic neutralised systems are less soluble in 
compositions which contain lower levels of water and lead to hazy, 
colloidal systems. It has also been found that by using selected mixtures 
of inorganic and organic neutralisers in liquid hair cosmetic conq)ositions, 
systems of excellent clarity can be achieved. 

Thus a need exists for hair styling compositions which have a clear 
appearance, deliver effective style retention, impart a hair conditioning 
effect, have a non-sticky hair feel, are easily brushed out and at the same 
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time have stable product and viscosity characteristics and remain fully 
stable under long term and stressed temperature storage. 

Summary of the Invention 

According to one aspect of the invention, there is provided a liquid hair 
cosmetic con^sition comprising:- 

(a) from about 0. 1 % by weight to about 10% by weight (acid basis) of 
at silicone-containing polycarboxylic acid copolymer having a vinyl 
polymeric backbone, and having grafted to the backbone a silicone 
containiiig macromer having a weight average molecular weight of 
from about 1 ,000 to about 50,000; 

(b) a mixed neutralising system comprising an organic and an inorganic 
base, wherein the organic base is at a level sufficient to neutralise 
from about 0.01 % to about 15% of the acid groups on the silicone- 
containing copolymer while the inorganic base is at a level 
sufficient to neutralise from about 25% to about 80% of the acid 
groups on the silicone-containing copolymer; 

(c) from 0% to about 10% by weight of water; and 

(d) die balance conq)rising a carrier suitable for application to hair. 



The preferred neutralising systems for use herein comprise a combination 
of organic and inorganic base. From about 30% to about 95% more 
preferably from about 55% to about 75%, most preferably from about 
60% to about 70% of the acidic groups of the polymer should be 
neutralised with the chosen mixed neutralising system, the level of 
neutralisation being determined in the manner described herein below. 

The essential, as well as the optional, components of the present invention 
are described below. All levels and ratios are on a weight basis unless 
otiierwise specified. 
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Silicone-Containing Copolymer 

The compositions of the present invention contain from about 0.1% to 
about 10.0%, preferably from about 0.5% to about 8.0% and especially 
from about I % to about 6% of specificaily-defmed siiicone-containing 
copolymers. It is these polymers which provide the unique hair 
conditioning and hair setting characteristics of the present invention. The 
polymers preferably have a weight average molecular weight of from 
about 10,000 to about 1,000,000, preferably from about 30,000 to about 
300,000, most preferably from about 90,000 to about 300,000 and; 
preferably, have a Tg of at least about -20''C. As used herein, the 
abbreviation "Tg" refers to the glass transition temperature of the non- 
silicone backbone, and the abbreviation "Tm" refers to the crystalline 
melting point of the non-silicone backbone, if such a transition exists for a 
given polymer. 

The molecular weights and molecular weight distributions of the polymers 
utilised in the compositions according to the present invention are 
determined by Size Exclusion Chromatography (SEC). In practise, 
polymers comprise a distribution of molecular weight species tiiat gives 
rise to their unique properties. Separation of the molecules is 
accomplished by Size Exclusion Chromatography (SEC) using a 
crosslinked polystyrene -divinylbenzene column (MW range = 1(X) - lO'^) 
with a differential refractive index detector and a differential viscometer. 
A universal calibrationn curve is prepared from monodispersed 
polystyrene standards of known molecular weight (MW) and molecular 
weight distribution (MWD). MW and MWD of tiie given polymer are 
determined based on concentration and viscosity responses relative to the 
calibration. 

Preferred polymers comprise a vinyl polymeric backbone, preferably 
having a Tg above about -20'C and, grafted to tiie backbone, a silicone 
contauiing macromer having a weight average molecular weight of from 
about 1,000 to about 50,000, preferably from about 5,000 to about 
40,000, most preferably from about 10,000 to about 20,000, The 
polymer is such that when it is formulated into the fmished hair care 
composition, when dried, tile polymer phase separates into a 
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discontinuous phase which includes the silicone containing macromer and 
a continuous phase which includes the backbone. It is believed that this 
phase separation property provides a specific orientation of the polymer 
on hair which results in the desired hair conditioning and setting benefits. 

In its broadest aspect, the copolymers utilized in the present application 
comprise a silicone-containing monomer (hereafter identified as C) 
together with a hydrophilic carboxylate-containing monomer (B) and 
optionally a lipophilic monomer (A). 

Examples of useful copolymers and their preparation are described in 
detail in US-A-4,693,935, Mazurek, issued September ISth 1987, and 
US-A-4,728,571, Clemens et al., issued March 1st 1988. These 
copolymers comprise monomers A,B and C as defined above. In 
preferred embodiments, A comprises at least one free radically 
polymerizable vinyl monomer or monomers and B comprises at least one 
reinforcing monomer copolymerizable with A and selected from the group 
consisting of carboxylate-containing monomers and macromers having a 
Tg or a Tm above about -20**C. B can be up to about 98%, preferably up 
to about 80%, more prefierably up to about 30%, of the total monomers in 
the cqpolyraer. Monomer C comprises from about 0 J % to about 50.0% 
of the total monomers in the copolymer. 

Representative examples of A (hydrophobic) monomers are the acrylic or 
metfaacrylic acid esters of Ci-Cig alcohols, such as methanol, ethanol, 
metfaoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyH-propanol, 
l-pentanol, 2-pentanol, 3-pentanol, 2-methyl-l-butanol, 1-methyl-l- 
butanol, 3-methyl-l-butanol, 1-methyl-l-pentanol, 2-methyl- l-pentanol, 3- 
methyl-l-pentanol, t-butanol (2-methyl-l-propanol), cyclohexanol, 
neodecanol, 2-ethyl-l-butanol, 3-heptanol, benzyl alcohol, 2-octanol, 6- 
methyl-l-heptanol, 2-ethyl-l-hexanol, 3.5-dimethyl-l-hexanol, 3,5,5-tri- 
methyl-l-hexanol, 1-decanol, 1-dodecanol, 1-hexadecanol, 1-octadecanol, 
and the like, the alcohols having from about 1-18 carbon atoms with the 
average number of carbon atoms being from about 4-12; styrene; 
polystyrene macromer; vinyl acetate; vinyl chloride; vinylidene chloride; 
vinyl propionate; alpha-methylstyrene; t-butylstyrene; butadiene; 
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cyclohexadiene; ethylene; propylene; vinyl toluene; and mixtures thereof. 
Preferred A monomers include n-butyl methacrylate, isobutyl 
methacrylate, 2-ethylhexyl methacrylate, methyl methacrylate, t- 
butylacrylate, t-butylmethacrylate, and mixtures thereof. 

Representative examples of B (hydrophilic) neutralisable monomers 
containing a carboxyl moiely include acrylic acid, methacryiic acid, 
maleic acid, maleic anhydride, half esters of maleic anhydride, crotonic 
acid, and itaconic acid. Preferred B monomers include acrylic acid and 
methacryiic acid and mixtures thereof. 

The C monomer preferably has the general formula (I): 

X(Y)„Si(R)3^Z„ 

wherein X is a vinyl group copolymerizable with the A and B monomers; 
Y is a divalent linking group; R is hydrogen, C1-C4 alkyl, aryl, alkyl 
amino, tri(Ci-C4 alkyl)siloxy or C1-C4 alkoxy; Z is a monovalent 
siloxane polymeric moiety; n is 0 or 1; and m is an integer from 1 to 3. 
C has a number average molecular weight of, at least SOO,'prefiBiably 
from 1 ,000 to 50,000. Preferably, the C monomer is selected firom one 
or more monomers having the general formulae (II to WE): 

o 

II 

X-C-0-(CH2)q-(0)p-Si(R*)3_„2„ (H) 



X-Si(R*)3_mZiB (III) 



X-/Q) - (CH2 ) q- <0) p-Si (R* ) 3^hi ( IV) 
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OH R" • 




O HOR" 



X-c-O-CCHj) 2-N-C-N- (CHj) q-Si{R4) 3_„Zj^ (VII) 

In these structures, m is 1, 2 or 3 (preferably m » 1); p is 0 or 1; R" is 
alkyl or hydrogen; q is an integer from 2 to 6; X is 



is hydrogen or -COOH (preferably R^ is hydrogen); r2 is hydrogen, 
methyl or -CH2COOH (preferably R^ is methyl); Z is 



r4 is alkyl; alkoxy, alkylamino, aryl, or hydroxyl (preferably R4 is 
alkyl); and r is an integer from 5 to 100, preferably from 50 to 500, more 
preferably from 150 to 300. Of the above, formula n is preferred, 
particularly when p = 0 and q = 3. 

The polymers utilized herein generally comprise from 0% to about 98% 
(preferably from about 5% to about 92%, more preferably from about 



CH= C - — 



(VIII) 



I I 
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50% to about 90%) of monomer A, from about 1 % to about 98% 
(preferably from about 7.5% to about 80%) of monomer B, and from 
about 0.1% to about 50% (preferably from about 0.5% to about 40%, 
most preferably from about 2% to about 25%) of monomer C. The 
combination of the A and B monomers preferably comprises from about 
50.0% to about 99.9% (more preferably about 60% to about 99.5%, most 
preferably from about 75% to about 98%) of the polymer. 

Preferred silicone-containing copolymers for use herein are selected from: 

acrylic acid/n-butylmethacrylate/polydimethylsiloxane (PDMS) 
macromer-20,000 molecular weight (mw) (10/70/20 w/w/w) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(20/60/20 w/w/w) 

acrylic acid/PDMS macromer - 20,000 mw (80/20 w/w) 

t-butylacrylate(tBA)/acrylic ac!d(AA)/PDMS macromer - 10,000 mw 
(60/20/20) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(10/70/20); 

acrylic acid/methyl methacrylate/PDMS macromer - 20,000 mw 
(40/40/20); 

acrylic acid/isopropyl methacrylate/PDMS macromer - 20,000 mw 
(25/65/15); 

acrylic acid/methoxyethyl methacrylate/PDMS macromer 20,000 mw 
(60/25/15); 

acrylic acid/PDMS macromer - 20,000 mw (80/20); 
and mixtures thereof. 
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The silicone-containuig copolymers described above can be synthesized 
by free radical polymerization of silicone- or polysiloxane-containing 
monomers with non-silicone- or non-polysiloxane-containing monomers. 
The general principles of free radical polymerization methods are well 
understood. See, for example, Odian, "Principles of Polymerization", 2nd 
edition, John Wiley & Sons, 1981, pp. 179 - 318. 

In compositions according to the invention it can be desirable to purify the 
silicone containing copolymer by removing unreacted silicone-containing 
monomer and silicone macromer-grafted polymer with viscosities at 25'*C 
of about 10,000,000 centistokes and less. This can be done, for example, 
by hexane extraction. After drying the resin from its reaction solvent, 
hexane extraction of the reaction product can be performed by adding an 
excess of hexane to the reaction product and heating to near the Tg of the 
non-silicone portion of the polymer. The mixture is held at tiiis 
temperamre witii stirring for about 30 mmutes and cooled to room 
temperature. The hexane is removed by vacuum suction. Two more 
hexane extraction cycles are preferably conducted in the same manner as 
above. After the third cycle, residual hexane remaining with the product 
is removed by distillation and vacuum drying. ' 

Low molecular weight polysiloxaneHsontaining monomer and polymer is 
solubilized by supercritical carbon dioxide and transported away from the 
remaining polymer via a transfer line, which is maintained at identical 
temperature and pressure as the extraction vessel. The extracted 
materials are collected in an extraction vessel. Following extraction, the 
system is depressurised and dry, extracted polymer is recovered from die 
extraction vessel. 

Neutralising System 

The hair styling polymers, herein are preferably utilised in at least 
partially neutralised form in order to aid shampoo removability of die 
liquid hair cosmetic compositions. The present development relates to the 
neutralisation of a hair fixative polymer (eg silicone grafted tBA/AA 
copolymer) with a combination of neutiraliser systems, specifically an 
inorganic base, preferably KOH, and an organic base, preferably AMP 
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(amino methyl propanol) in hairspray and other hair cosmetic products. In 
particular the present development relates to improving the clarity of 
hairspray and other hair cosmetic products containing low levels of water, 
approximately 0 - 10%, preferably 0-7% water. It has been discovered 
that addition of a very small % of organic base dramatically improves the 
solubility and clarity of low water containing hairspray products 
containing silicone-grafted copolymer. In addition use of organic base in 
these levels does not increase the sticky hair feel. This is surprising as 
neutralisation with AMP traditionally leads to sticky hair feel negatives. 
Additional benefits include improved hold via increased polymer bond 
flexibility whilst maintaining ease of wash-out and reduced negatives such 
as rough hair feel associated with inorganic (non-plasticising) neutralisers 
eg. KOH. Futhermore compositions according to the invention provide 
excellent hair conditioning benefits. In total from about 30% to about 
95%, preferably from about 55% to about 75%, most preferably from 
about 60% to about 70% of the acidic monomers of the polymer should 
1}e neutralised. 

Optimum neutralising systems for compositions according to the invention 
contain a mixture of inorganic and organic bases at a level sufficient to 
provide firom about 25% to about 80%, preferably about 40% to about 
70%, more preferably about 55% to about 65% neutralisation of the acid 
groups on the silicone containing copolymer with inorganic neutraliser 
and from about 0.01% to about 15%, preferably about 0.5% to about 8%, 
more preferably about 1% to about 6% neutralisation of the acid groups 
on the silicone containing copolymer with organic neutraliser. In 
prefered embodiments the weight ratio of morganic base to organic base 
is in the range of from 1000 : 1 to 4 : 1, preferably from 100 : 1 to 5 : 1, 
more preferably from 50 : 1 to 6 : 1. 

The particular effects of such systems are improved product clarity; 
improved solubility in etfaanol; improved long term stability of the product 
and imptovcd style retention via increased polymer bond flexibility. 

Any conventionally used base, organic or inorganic, may be used for 
neutralisation of acidic polymers providing they are utilised in mixmres as 
specified herein. Hydroxides of alkali, alkaline earth and amino alcohols 
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are suitable neutralisers for use in the present liquid hair cosmetic 
compositions. 

Examples of suitable organic neutralising agents which may be included 
in the hair cosmetic compositions of the present invention include amines, 
especially amino alcohols such as 2-amino-2-methyl-l,3-propanediol 
(AMPD), 2-amine-2-ethyH,3-propanediol (AEPD), 2-amino-2-methyl-l- 
propanol (AMP), 2-amino-l-butanol (AB), monethanolamine (MEA), 
diethanolamine (DEA), triethanobimine (TEA), monoisopropanolamine 
(MIPA), dilsopropanolamine (DIPA), triisopropanolamine (TIPA), 
dimethyl steramine (DMS) and amino methyl propanol (AMP) and 
mixtures thereof. 

Preferred neutralising agents for use in hairspray compositions of the 
pre^nt invention are potassium sad sodium hydroxides and aminomethyl 
propanol (AMP). 

The amount in grams of inorganic and organic base (Z) required to 
neutralise a polymer can be deduced from calculations which take mto 
account the acid value of the polymer (A); amount ed polymer (W); mol 
wt of the base (B); mol wt of die acidic moiety (M) and the degree of 
neuttalisation required (N). 

Z (g) = W X A/100 X 1/M xB xN% 

In the followmg example the amount of KOH required to neutralise 2.6g 
of acrylic acid co-polymer (with acid value of 20) to a level of 60% 
neutralisation is calculated. 



Z(g) = 2.6 X 20/100 X 1/72 X 56 X 0.60 
Z« 0.242 g 

Note the acid value can be experimentally determined by titrating a 
specific amount of die polymer with base or theoretically by considering 
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the original acidic content of the co-poiymer i.e. a polymer with 20% of 
acid monomer has an acid value of 20. 

As described earlier herein, use of the herein defmed mixed 
inorganic/organic neutralising system for at least partial neutralisation of 
the silicone grafted copolymer leads to liquid hair cosmetic compositions 
of dramatically improved clarity. Product clarity is measured using a 
Digital Direct Reading Turbidimeter. Using this equipment the turbidity 
of test samples is measured by calibration again^ two known references 
(Orbeco-Hellige Transfer Turbidity Standards) which give turbidi^ 
readings of 0 and 999 respectively. Typical turbidity measurement for 
opaque systems neutralised with inorganic neutraliser can be as high as 
700. 

In contrast the clarity of the mixed organic/inorganic neutralised systems 
according to the invention registers a turbidity measurement in the range 
from 0 to 50, preferable 0 to 40, more preferably 0 to 30. 

The liquid hair cosmetic compositions of the present invention also 
include a carrier. This can comprise any of those conventionally used in 
resin hairspray formolations inclusive of solvents, propellants and other 
optional ingredients of liquid hair cosmetics. The carrier is generally 
present in the liquid hair cosmetic compositions at from about 70% to 
about 99.8%, preferably from about 78% to about 99% by weight. More 
preferably, the carrier is present at from about 80% to about 98% by 
weight of the total composition. 

Organic solvents suitable for use in the carrier of the present 
compositions include Ci-Cg alkanols, carbitol, acetone and mixtures 
thereof. Ci-Cg alkanols preferred for use in the present compositions are 
C2-C4 monohydric alcohols such as ethanol, isopropanol and mixtures 
thereof. 

Liquid hair cosmetic compositions according to tiie present invention 
contain from 0% to about 10% by weight of water, preferably from 0% to 
about 7% by weight of water. It is a feature of the invention that utilising 
mixed neutraliser systems as defined herein, liquid hair cosmetic 
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compositions having excellent clarity are achieved at zero or low levels of 
water content. 

Plagtjciger 

The performance of the liquid hair cosmetic compositions according to 
the invention can be improved through the optional incorporation of a 
nonvolatile plasticizer into the composition. The plasticizer will generally 
be present in the compositions at up to a level of 25%, preferable from 
1% to 20%, more preferably from 1% to 15%. As used herein, 
"nonvolatile" in regard to plasticizers means that the plasticizer exhibits 
essentially no vapour pressure at atmospheric pressure and 25*'C. The 
polymer-liquid vehicle solution should not suffer from substantial 
plasticizer weight loss while the hair cosmetic carrier is evaporatmg, 
since this may excessively reduce plasticization of the polymer during 
use. The plasticizers for use herein should generally have boiling points 
of about 250"C or higher. 

Plasticizers are well known in the art and are generally described in Kirk- 
Olhmer Encvclonedia of Chemical Technology second edition, Volume 
15, pp. 720-789 (John Wiley & Sons, Inc. New York, 1968) under the 
topic heading "Plasticizers", and by J. Kern Sears and J. R. Darby in the 
text The Technolopv of Plasticizers (John Wiley & Sons, Inc., New 
York, 1982). See especially in the Appendix of Sears/Darby Table A.9 at 
pages 983-1063 where a wide variety of plasticizers are disclosed. 

Plasticizers suitable for use in compositions of the present invention 
include both cyclic and acyclic nonvolatile materials. Suitable categories 
of nonvolatile plasticizers include adipates, phthalates, isophthalates, 
azelates, stearates, citrates, trimellitates, silicone copolyols, iso C14 - 
C22 alcohols, methyl alkyl silicones, carbonates, sebacates, isobutyrates; 
oleates, phosphates, myristates, ricinoleates, pelargonates, valerates, 
camphor, glycols, amine derivatives, selected short chain alcohols and 
castor oil. 

Particularily preferred plasticizers for use herein include glycol and 
citrate based plasticizers such as propylene glycol, dipropylene glycol , 
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acetyl tri-n-butyl citrate, tri-n-butyl and acetyl tri-2-ethoxyhexyl citrate (as 
supplied by Pfizer under the trade name Citroflex RTM) and also 
glycerin, amino methyl propanol (AMP), diisobutyladipate (DIBA) and 
isopropanol. 

Propellant 

The present compositions can be formulated as hairsprays in aerosol or 
non-aerosol forms. If an aerosol hairspray is desired, a propellant must 
be included in the composition. This agent is responsible for expelling 
the other materials from the container and forming the hairspray 
character. 

The propellant gas can be any liquefiable gas conventionally used for 
aerosol containers. Preferably the density of the propellant or mixture 
thereof is less than 1 so that pure propellant is not emitted from the 
container. Examples of materials that are suitable for use as propellants 
are trichlorofluoromethane, dichlorodifluoromethane, 
dichlorotetrafluoroethane, monochlorodifluoromethane, 
trichlorotrifluorethane, dimethylether e.g Dimel 1S2A (RTM) supplied by 
Du Pont, propane, n-butane, isobutane, used singly or admixed and 
propane butane e.g CAP 80 (RTM). Dimel 152A (RTM) and propane 
butane are preferred. 

The amount of the propellant gas is governed by normal factors well 
known in the aerosol art. For haii^prays the level of propellant is 
generally from about 10% to about 40%, preferably from about 20% to 
about 30%, of the total composition. If a propellant such as 
dimethylether utilizes vapor pressure suppressant (e.g., trichloroethane or 
dichlorome^thane) the amount of suppressant is included as part of the 
propellant. 

The hair spray compositions of the present invention can be made using 
conventional formulation and mixing techniques. Compositions of the 
present invention can be made by adding the polymer to ethanol and 
mixing for several hours until dissolved. Plasticizer and neutralising 
ingredients are then added and the resulting solution is stirred. Any 
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remaining ingredients such as water, ethanol and perfume can then be 
added. 

Methods of making the hair cosmetic compositions of the present 
invention are described more specifically in the examples. 

Alternatively, pressurised aerosol dispensers can be used where the 
propellant is separated from contact with the hairspray composition by use 
of specialised containers such as a two compartment can of the type sold 
under the tradename SEPRO from Americal National Can Corp. 

Other suitable aerosol dispensers are those characterized by the propellant 
being compressed air which can be filled into the dispenser by means of a 
pump or equivalent device prior to use. Such dispensers are described in 
US-A-4,077,441, March 7th 1978, Olofeson and US-A-4,850,577, July 
25th 1989, TerStege. Compressed air aerosol containers suitable for use 
are also currently marketed by The Procter & Gamble Company under 
their tradename VIDAL SASSOON AIRSPRAY (KTM) hairsprays. 

Conventional non-aerosol pump spray dispensers, i.e., atomizers, can 
also be used. 

Other Ingredimts 

The liquid hair cosmetic compositions of the present invention can also 
contain a variety of non-essential, optional components such as 
preservatives, surfactants, block polymers, thickeners and viscosity 
modifiers, electrolytes, fatty alcohols, pH adjusting agents, perfume oils, 
perfume solubilizing agents, sequestering agents; emollients; lubricants 
and penetrants such as various lanolin components; protein hydroiysates 
and other protein derivatives; ethylene adducts and polyoxyethylene 
cholesterol; sunscreens and volatile and non-volatile silicone fluids. Such 
conventional optional ingredients are well known to a person skilled in the 
art, e.g. surfactants such as anionics (e.g., sodium alkyl sulphates, 
nonionics (amine oxides) ; amphoterics (aliphatic secondary or tertiary 
amine derivatives) zwitterionics (aliphatic quaternary ammonium; 
phosphonium or sulphonium derivatives) and ftuorinated surfactants (e.g. 
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Zonyl FSK) (RTM); thickeners and viscosity modifiers such as 
diethanoiamides of long chain fatty acids; block polymers of ethylene 
oxide and propylene oxide such as Pluronic (RTM) F88 offered by BASF 
Wyandotte; fatty alcohols such as cetearyl alcohol; viscosity modifiers 
such as sodium chloride, sodium sulphate, and ethyl alcohol; electrolyte 
such as earth and alkaline-earth metal salts; quaternary ammonium ions 
and cationic amines and halogen ions; pH adjusting agents such as citric 
acid, succinic acid, sodium hydroxide and triethanoiamine; perfume oils 
such as Florasynth (RTM) perfiimes; perfume oil solubilizers such as 
polyethylene glycol fetty acid esters and sequestering agents such as 
ethylenediamine tetraacetic acid. Each of these optional materials can be 
present at a level of from about 0.05% to about 5%, preferably from 
about 0.1 % to about 3% by weight of composition. 

The liquid hair cosmetic compositions of the present invention are used in 
conventional ways to provide the hair styling/holding benefits of the 
present invention. Such method generally involves spraying an effective 
amount of the product to dry or damp hair before or after the hair is 
styled, or both, By "effective amount" is meant an amount sufficient to 
provide the hair volume and style benefits desired considering the length 
and texture of the hair. 

The invention is illustrated by the following non-limiting examples. 

In the examples, all concentrations are on a 100% active basis, unless 
otherwise stated and the abbreviations have the following designation: 

Hair Styling Polymer - 60% t-butyl acrylate/20% acrylic acid/20% 
silicone PDMS. Weight average molecular 
weight (measured by SEC) of 150,000. 

KOH - Potassium hydroxide solution, containing 45% 

potassium hydroxide and 55% water and minors. 



AMP 



- 2-Amino-2-methyH-propanol. 
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DRO Water - Double reverse osmosis water 

Solvent - Ethanol 
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The following are liquid hair cosmetic compositions in the form of 
hairspray compositions suitable for pump spray dispensers and which are 
representative of the present invention: 





I 


II 


m 


IV 


V 


VI 


Hair Styling Polymer 


3.0 


2.0 


4.0 


6.0 


2.0 


5.0 


% poly KOH neutralised 


60 


55 


60 


65 


60 


55 


% poly AMP neutralised 


5 


5 


8 


2 


10 


5 


DRO Water 


0 


3.0 


7.0 


7.0 


10.0 


0 



Balance to 100 percent with ethanol 

The balance contains ethanol and optional ingredients such as plasticizer, 
perfume and 5uriiEu;tants. 

The hairspray formulations are prepared by adding the polymer directly 
to the ethanol. A niagnetic or air driven stirrer is used to mix the 
ingredients until the polymer is dissolved, typically about 1 to 2 hours. 
The neutralizing agent (KOH and AMP) is then added and mixed into the 
premix. Then, the optional mgredients and water, as may be applicable, 
are mixed into the composition. 

The above compositions provide effective style retention, deliver a hair 
conditioning effect and have excellent clarity. 



Examples VH-Xn 
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The following are liquid hair cosmetic compositions in the form of 
hairspray concentrate compositions suitable for aerosol dispensers and 
which are representative of the present invention: 





VII 


vni 


IX 


X 


XI 


XII 


Hair Styling Polymer 


4.0 


2.0 


5.0 


6.0 


3.0 


7.0 


% poly KOH neutralised 


55 


60 


60 


65 


55 


65 


% poly AMP neutralised 


5 


8 


2 


2 


5 


5 


DRO Water 


0 


7.0 


10.0 


7.0 


0 


0 



Balance to 100 percent with solvent 

As in examples I to VI the balance can contain ethanol and optional 
ingredients such as plasticizer, perfume and sur&ctants. The above 
compositions are prepared as in Examples I-VI. The concentrates are 
packaged m conventional aerosol spray cans and are charged with a 
conventional liquifiable propellant such as CAP 80 (RTM) at a 
propellant:concentrate weight ratio of 23:77. 



The above compositions will have excellent clarity and stability 
characterisitcs and when sq}plied to the hair, provide good hair styling and 
conditioning benefits. 
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VHA.T IS CLAIMED IS: 

1. A liquid hair cosmetic composition comprising:- 

(a) from about 0.1 % by weight to about 10% by weight (acid 
basis) of a silicone-containing polycarboxylic acid copolymer 
having a vinyl polymeric backbone, and having grafted to the 
backbone a silicone-contaning macromer having a weight 
average molecular weight of from about 1,000 to about 
50.000; 

(b) a mixed neutralising system comprising an organic and an 
inorganic base, wherein the organic base is at a level 
sufficient to neutralise from about 0.01 % to about 15% of the 
acid groups on the silicone-containing copolymer while the 
inorganic base is at a level sufficient to neutralise from about 
25% to about 80% of the acid groups on the silicone- 
containing copolymer; and 

(c) from 0% to about 10% by weight of water; and 

(d) the balance comprising a carrier suitable for application to 
hair. 

2. A liquid hair cosmetic composition according to Claim 1 wherein 
the silicone-containing macromer has the general formula (I): 

X(Y)„Si(R)3_„Z^ (I) 

wherein X is a vinyl group; Y is a divalent linking group; R is 
hydrogen, alkyl, aryl, alkylamino, trialkylsiloxy or alkoxy; Z is a 
monovalent siloxane polymeric moiety having a number average 
molecular weight of at least about 500; n is 0 or 1 ; and m is an 
integer from 1 to 3. 

3. A liquid hair cosmetic composition according to Claim 1 or 2 
wherein the silicone-containing copolymer has a weight average 
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molecular weight of from 10,000 to 1,000,000 comprising a 
hydrophilic carboxylate containing monomer (B), optionally a 
lipophilic, low polarity, free-radically polymerizable vinyl 
monomer (A) which is copolymerizable with B, and a silicone- 
containing macromer (C) having a weight average molecular weight 
of from 1,000 to 50,000, preferably from 5,000 to 40,000, based 
on polydimethylsiloxane and wherein the macromer (C) is selected 
from one or more monomers having the general formulae (II - VII): 



X-C-0-(CH2)q-(0)p-Si(R4)3_„Z„ (H) 



5^-<Cj7-<«*2)q-«»p-Si(R^)3^Zm ' (IV) 



II III 

X-C-0-(CH2) 2-N-C-N-(Q) .si(R*) 3_„Z„ (V) 



0 OH R* • 

III 

X-C-0-CH2-CH-Cai2-N- (CH2 ) q-Si (R* ) 3 _^Z^ (VI ) 
0 HOR" 

II I II I 

X-C-0-(CH2) 2-N-C-N- (CH2)q-Si(R*) ^^^^^ 
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4. 



5. 



wherein m is 1, 2 or 3; p is 0 or 1; R" is alkyl or hydrogen; q is an 
integer from 2 to 6; X is 



r1 is hydrogen or -COOH; r2 is hydrogen, methyl or - 
CH2COOH; Z is 
CH3 



r4 is alkyl, alkoxy, alkylamino, aryl or hydroxy!; and r is an 
integer from 5 to 700; and wherein the silicone-containing 
copolymer comprises from 0% to 98% monomer A, from 1 % to 
98% monomer B, and from 0.1% to 50% monomer C. 

A liquid hair cosmetic composition according to any of Claims 1 to 

3 wherein the silicone-containing copolymer comprises from 5% to 
92% by weight monomer A, from 7.5% to 80% by weight 
monomer B, and from 0.1% to 50% monomer C. 

A liquid hair cosmetic composition according to any of Claims 1 to 

4 wherein monomer A is selected from acrylic acid esters of Ci- 
C18 alcohols, methacrylic acid esters of Ci-Cig alcohols, styrenc, 
polystyrene macromer, vinyl acetate, vinyl chloride, vinyl 
propionate, vinylidene chloride, alpha-methylstyrene, t- 
butylstyrene, butadiene, cyclohexadiene, ethylene propylene, vinyl 
toluene, and mixtures thereof; and is preferably selected from n- 
butylmethacrylate, isobutylmethacrylate, 2-ethylhexylmethacrylate, 
methylmethacrylate, t-butylacrylate, t-butylmethacrylate, and 
mixtures thereof. 



CH= C 



(VIII) 




6. 



A liquid hair cosmetic composition according to any of Claims 1 to 
5 wherein monomer B is selected from acrylic acid, methacrylic 
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acid, maleic acid, maleic anhydride, half esters of maleic 
anhydride, crotonic acid,.itaconic acid and mixtures thereof; and is 
preferably selected from acrylic acid and methacrylic acid and 
mixtures thereof. 

7. A liquid hair cosmetic composition according to any of Claims 3 to 

6 wherein the silicone containing macromer has the general formula 
(II) in which p == 0 and q = 3, m is 1, is alkyl, r1 is hydrogen 
and is methyl. 

8. A liquid hair cosmetic composition according to any of Claims 1 to 

7 wherein the silicone-containing copolymer is selected from: 

acrylic acid/n-butylmethacryiate/polydimethylsiloxane (PDMS) 
macromer - 20,000 molecular weight (mw) (10/70/20); 
acrylic acid/isobutyl methacrylate/PDM S macromer - 20,000 mw 
(20/60/20 w/w/w) 

acrylic acid/PDMS macromer - 20,000 mw (80/20 w/w) 
t-butylacrylate(tBA)/acryUc acid(AA)/PDMS macromer - 10,000 
mw ( 60/20/20) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(10/70/20); 

acrylic acid/methyl methacrylate/PDMS macromer - 20,000 mw 
(40/40/20); 

acrylic acid/isopropyl methacrylate/PDMS macromer - 20,0(X} mw 
(25/65/15); 

acrylic acid/methoxyethyl methacrylate/PDMS macromer 20,000 
mw (60/25/15); 

acrylic acid/PDMS macromer - 20,000 mw (80/20); 
and mixtures thereof. 

9. A liquid hair cosmetic composition according to any of Claims 1 to 

8 wherein the silicone-containing copolymer is neutralised to a level 
of from about 0.5% to about 8%, preferably from about 1 % to 
about 6% with organic base and to a level of from about 40% to 
about 70%, preferably from about 55% to about 65% with 
inoiganic base. 
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10. A liquid hair cosmetic composition according to any of Claims 1 to 

9 wherein the siiicone-containing copolymer is neutralised to a total 
level of from 30% to 95% , preferably from 55% to 75% , more 
preferably from 60% to 70% . 

11. A liquid hair cosmetic composition according to any of Claims 1 to 

10 wherein, the weight ratio of inorganic base to organic base is in 
the range of from 1000:1 to about 4:1; preferably firom 100:1 to 
5:1, more preferably from 50: 1 to 6: 1 . 

12. A liquid hair cosmetic composition accordmg to any of Claims 1 to 

1 1 wherein the inorganic base is selected from alkali, alkaline earth 
and ammonium hydroxides and mixtures thereof, preferably 
potassium hydroxide or sodium hydroxide. 

13. A liquid hair cosmetic composition according to any of Claims 1 to 

12 wherein the organic base is selected from amines and amino 
alcohols and is preferably an amino alcohol selected from 2-amino- 
2-methyi-l,3-propanediol (AMPD), 2-aminch2-ethyl-t,3- 
propanediol (AEPD), 2-aminb-2-methyM-propanol (AMP), 2- 
amino-l'butanol (AB), monoethanolamme (MEA), diethanolamine 
(DBA), triethanolamine (TEA), monoisopropanolamine (MIPA), 
diisopropanolamine (DIPA), triisopropanolamine (TIPA) and 
dimethyl steramine (DM S) and mixtures thereof and is preferably 
amino methyl propanol. 

14. A liquid hair cosmetic composition according to any of Claims 1 to 

13 wherein the mixed inorganic/organic base neutralising system 
comprises potassium hydroxide and amino methyl propanol. 

15. A liquid hair cosmetic product comprising a hairspray composition 
and spray dispenser means for containing and spraying the 
hairspray composition, and wherein the hairspray composition 
comprises: 
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(a) from about 0. 1 % by weight to about 10% by weight (acid 
basis) of a silicone-containing polycarboxyiic acid copolymer 
having a vinyl polymeric backbone, and having grafted to the 
backbone a silicone-containmg macromer having a weight 
average molecular weight of from about 1,000 to about 
50,000; 

(b) a mixed neutralising system comprising an organic and an 
inorganic base, wherein the organic base is at a level 
sufficient to neutralise from about 0.01 % to about 15% of the 
acid groups on the silicone-containing copolymer while the 
inorganic base is at a level sufRcient to neutralise from about 
2S% to about 80% , preferably from about 50% to about 
70% of the acid groups on the silicone-containing copolymer; 

(c) from 0% to about 10% by weight of water; and 

(d) the balance comprising a carrier suitable for application to 
hair. 
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HAIR STYLING COMPOSITiONS CONTAINING A SILICONE GRAFTED 
POLYMER AND LOW LEVEL OF A VOLATILE HYDROCARBON 
SOLVENT 



10 TECHNICAL FIELD 

The present invention relates to hair styling compositions 
containing a silicone organic polymer as a hair setting agent. IVIore 
particularly, the present invention relates to hairs styling compositions 
containing a silicone grafted organic polymer, having an organic 

IS backbone that is soluble either in water, lower alkanol, or a mixture 
thereof, and further containing an insoluble hydrocarbon solvent. 
BACKGROUND OF THE INVENTION 
The desire to have the hair retain a particular shape is widely 
held. The most common methodology for accomplishing this is the 

20 application of a composition to dampened hair, after shampooing and/or 
conditioning, or to dry, styled hair. These compositions provide 
temporary setting benefits and they can be removed by water or by 
shampooing. The materials used in the compositions to provide the 
setting benefits have generally been resins and have been applied in the 

2S iom of mousses, gels, lotions or sprays. 

Many people desire a high level of style retention, or hold, from a 
hair spray composition. In typical hair spn^ys, hold is achieved by the 
use of resins, such as AMPHOMER^, supplied by National Starch and 
Chemical Company, and GANTREZ^^ SP 225, supplied by GAF. In 

30 general, as hair hold for hair spray compositions is increased, the tactile 
feel of the hair becomes stiffer and hence, less desirable. It is desirable 
to provide hair spray products which could provide an improved 
combination of hair hold and hair feel characteristics. 
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Hair sprays have been conventionally formulated with high 
amounts of monohydric alcohol solvents, such as ethanol and 
isopropanol, and relatively low amounts of water since the presence of 
water adversely affects spray quality. However, it is now particularly 
S desirable to fbmnulate hair spray compositions with reduced levels of 
volatile organic compounds, sudi as ethanol, isopropanol, and other 
volatile materials, such as aerosol propellants. One way to do this is to 
increase the levels of water In the formulations. In doing so, it would be 
highly desirable to provide refonnulated products which overcome the 
10 problems conventionally associated with the addition of water to hair 
spray products. In particular, higher levels of water can negatively 
impact hair feel. 

Recently, it has become known to utilize silicone grafted organic 
bacl<bone polymers as hair setting agents in hairspray compositions and 
IS other hair styling compositions, e.g. hair tonics, lotions, rinses, mousses, 
etc. Silicone grafted polymers can be used to make hair spray 
compositions which provide hair setting ability with improved hair feel. 
e.g., Increased softness relative to conventional polymeric hair setting 
agents. 

20 However, it remains desirable to improve the hair feel 

performance these silicone grafted polymers can provide at a particular 
level of hair hold, or conversely, to improve hair hold (after application 
and drying of such impositions) for a particular level of hair feel 
performance. It is an object of this invention to provide hair spray 

25 compositions, and other aqueous, alcohol, or hydroalcoholic-based hair 
setting.soiutions. containing silicone grafted organic backbone polymeric 
hair setting agents that provide such improved combinations of hair 
feel/hair hold perfonnance. 

It is a further object of this invention to provide hair setting 

30 compositions, as described above, that provide both improved hair feel 
and improved hair hold ability for a particular level of silicone grafted 
polymer in the composition. 

It is yet a further object of this invention to provide compositions 
that meet the above objects for conventional volatile organic solvent 

35 level (conventional VOC) compositions, whidi typically contain greater 
than 80% of volatile organic compounds, as well as for reduced volatile 
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organic solvent level (reduced VOC) compositions, i.e., compositions 
having 80% or less volatile organic solvents. 

These and other benefits as may be apparent from the description 
below can be obtained by the present invention. 

The present compositions can comprise, consist of, or consist 
essentially of any of the required or optional ingredients and/or 
limitations described herein. 

All percentages and ratios are calculated on a weight basis unless 
othenvise indicated. All percentages are calculated based upon the total 
composition unless otherwise Indicated. 

AH ingredient levels are refer to the active level of that Ingredient, 
and are exclusive of solvents, by-products, or other impurities that may 
be present in commercially available sources, unless othenmse 
indicated. 

SUMMARY OF THE INVENTION 
The present invention relates to hair styling compositions 
comprising: 

(a) from about 0.1% to about 15%, by weight, of a silicone 
grafted adhesive polymer, said polymer being 
characterized by an organic polymeric backbone having 
silicone macromers grafted to said backbone; 

(b) from about 0.5% to about 1 5%, by weight, of a hydrocarbon 
solvent selected firom the group consisting of Cio-Ci4 
branched chain hydrocarbons, and mixtures thereof, having 
a boiling point of from about 105°C to about 260°C; 

(c) a polar solvent phase comprising from about 80% to about 
98.9%, by weight of the composition, of a polar solvent 
selected from the group consisting of water and C2-C3 
monohydric alcohols, and mixtures thereof, wherein said 
composition contains no more than about 15%, by weight, 
of C3 monohydric alcohol; 

wherein said organic polymer backbone is soluble in said polar solvent 
phase, and said silicone macromers of said hair setting polymer are 
soluble in said hydrocarbon solvent and insoluble in said polar solvent. 

In preferred embodiments, the compositions hereof additionally 
comprise a piasticizer for the silicone grafted hair setting polymer. 
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Especially preferred plastlcizers include acetyl tri-C2-C8 alkyi citrates, 
particularly acetyl triethyl citrate. 

DETAILED DESCRIPTION OF THE INVENTION 
The essential components of the present invention are described 
5 below. Also included is a nonexclusive description of various optional 
and prefenned components useful in embodiments of the present 
invention. 

Silicone Grafted Adhesive Potvmer 

The compositions of the present invention essentially comprise a 

10 silicone grafted adhesive polymer as a hair setting agent. The 
conv)osltions hereof will generally comprise fi-om about 0.1% to about 
15%, preferably from 0.5% to about 8%, more preferably from about 1% 
to about 8%, by weight of the composition, of the silicone grafted 
polymer. It is not intended to exclude the use of higher or lower levels of 

IS the polymers, as long as an effective amount is used to provide adhesive 
or film-forming properties to the cmiposition and the composition can be 
formulated and effectively applied for its intended purpose. By adhesive 
polymar what is meant is that when applied as a solution to a surface and 
dried, the polymer fomns a film. Such a film will have adhesive and 

20 cohesive strength, as is understood by those skilled in the art. . 

The silicone grafted polymers are characterized by polysiloxane 
moieties covalently bonded to and pendant from a polymeric cari^on- 
based backbone. The backbone will preferably be a carbon chain 
derived from polymerization of ethyienicaliy unsaturated monomers, but 

25 can also be, cellulosic chains or other carbohydrate-derived polymeric 
chains to which polysiloxane moieties are pendant. The backbone can 
also Include ether groups, i.e., C-O-C. The polysiloxane moieties can be 
substituted on the polymer or can be made by co-polymerization of 
polyslloxane-containing poiymerizable monomers (e.g. ethyienicaliy 

30 unsaturated monomers, ethers, and/or epoxides) with non-polysiloxane- 
containlng poiymerizable monomers. 

The polysiloxane-grafted polymer should have a weight average 
molecular vireight of at least about 20,000. There is no upper limit for 
molecular weight except tiiat which limits applicability of the Invention for 

35 practical reasons, such as processing, aesthetic characteristics, 
formulateability, etc. In general, the weight average molecular weight will 
be less than about 10,000,000, more generally less than about 
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5,000,000, and typically less than about 3,000,000. Preferably, the 
weight average molecular v^ight will be between about 50,000 and about 
2,000,000, more preferably between about 75,000 and about 1,000,000, 
most preferably between about 100,000 and about 750,000. 
5 Preferably, the gratted-polymers hereof when dried to form a film 

have a Tg or Tm of at least about -20»C. preferably at least about 20''C, 
so that they are not unduly sticky, or "tacky" to the touch. As used 
herein, the abbreviation "Tg" refers to the glass transition temperature of 
the non-polysiloxane backbone of the polymer, and the abbreviation "Tm" 
10 refers to the crystalline melting point of the non-siloxane backbone, if 
such a transition exists for a given polymer. Preferably, both the Tg and 
the Tm, If any, are above about -20"C, more preferably above about 
20'C. 

The silicone grafted polymers for the compositions of the present 
15 invention include "silicone-containing" (or "polysiloxane-containing") 
monomers, which form the silicone macromer pendant from the 
backbone, and non-silicone-containing monomers, which form the 
organic baddmne of the polymer. 

The silicone grafted polymers should satisfy the following four 
20 criteria: 

(1 ) when dried the polymer phase-separates into a discontinuous 
phase which includes the polysiloxane portion and a 
continuous phase which includes the non-polysiloxane 
portion; 

25 (2) the polysiloxane portion is covalently bonded to the non- 

polysiloxane portion; and 
(3) the molecular weight of the polysiloxane portion is at least 
about 500; and 

When used in a composition, such as a personal care composition 
30 for application to the hair or skin, the non-polysiloxane portion should 
pennit the polymer to deposit on the intended surface, such as hair or 
skin. 

it is believed that the phase separation property provides a 
specific orientation of the polymer which results in the desired 
35 combination of tactile feel, and film-fonning or adhesive benefits. The 
phase-separating nature of the compositions of the present invention 
may be determined as follows: 
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The polymer is cast as a solid film out of a solvent (i.e., a solvent 
which dissolves both the backbone and the polysiloxane-graft portions). 
TTiis film is then sectioned and examined by transmission electron 
miaoscopy. Microphase separation is demonstrated by the observation 
5 of inclusions in the continuous phase. These Inclusions should have the 
proper size to match the size of the silicone chain (typically a few 
hundred nm or less) and the proper density to match the amount of 
silicone present This behavior is well documented in the literature for 
polymers with this structure (see, for example, S. D, Smith. Ph.D. Thesis, 

10 University of Virginia, 1987, and references cited therein, said thesis 
incorporated by reference herein). 

A second method for determining phase-separating characteristics 
involves examining the enrichment of the concentration of silicone at the 
surface of a polymer film relative to the concentration in the bulk polymer. 

15 Since the silicone prefers the low energy air interface, it preferentially 
orients on the polymer suri'ace. this produces a surface with the silicone 
oriented at the surface of the film. This can be demonstrated 
experimentally by ESCA (electron spectroscopy for chemical analysis) of 
the dried film surface. Such an analysis shows a high level of silicone 

20 and a greatly reduced level of backbone polymer when the film surface Is 
analyzed. (Surface here means the first few tens of Angstroms of film 
thickness.) By varying the angle of the interrogating beam the surface 
can be analyzed to varying depths. 

A third method for determining phase-separating characteristics is 

25 via Scanning Electron Microscopy (SEM), to examine the topographical 
morphology of dried film of the silicone grafted polymer. SEM can be 
used to demonstrate microphase separation at the surface of the polymer 
film by the observation of hemispherical discontinuities (typically hemi- 
spherical or hemi-conlcal) formed by the silicone macromer component 

30 grafted on the polymer backbone of the silicone grafter polymer. 

The preferred silicone grafted polymers comprise an organic 
backbone preferably a cari3on backbone derived from ethylenically 
unsaturated monomers, such as a vinyl polymeric backbone, and a 
polysiloxane macromer (especially preferred are polydialkylsiloxane, 

35 most preferably polydimethylsiloxane) grafted to the backbone. The 
polysiloxane macromer should have a weight average molecular weight 
of at least about 500, preferably firom about 1,000 to about 100,000, more 
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preferably from about 2,000 to about 50,000, most preferably about 5,000 
to about 20,000. Organic backbones contemplated include tliose that are 
derived from poiymerizable, ethylenicaliy unsaturated monomers, 
including vinyl monomers, and other condensation monomers (e.g., those 
5 that polymerize to form polyamides and polyesters), ring-opening 
monomers (e.g., ethyl oxazoline and caprolactone), etc. Also 
contempiatdd are backbones based on ceilulosic chains, ether-containing 
bacltbones, etc. 

Examples of useful polymers and how they are made are 
10 described In detail in U.S. Patent 4,693.935. Mazurek, issued September 
15, 1987. U.S. Patent 4.728.571. Clemens et al., issued March 1. 1988. 
both of which are incorporated herein by reference. 

Suitable silicone grafted polymers are also disclosed in EPO 
Application 90307528.1, published as EPO Application 0 408 311 A2 on 
15 January 1 1 , 1991 , Hayama, et al., U.S. Patent 5,061 ,481 , issued October 
29, 1991, Suzuki et al., U.S. Patent 5,106,609, Bolich et al., issued April 
21. 1992, U.S. Patent 5.100,656. Bolich et al., issued March 31, 1992, 
U.S. Patent 5.100,657. Ansher-Jackson, et al., issued March 31. 1992. 
U.S. Patent 5,104,646. Bolich et al.. issued April 14, 1992. U.S. Serial 
20 No. 07/758.319, Bolich et al, filed August 27, 1991, and U.S. Serial No. 
07/758,320. Torgerson et al., filed August 27, 1991, all of which are 
incorporated by reference herein. 

The preferred silicone grafted polymers are comprised of 
monomer units derived from: at least one free radically poiymerizable 
25 ethylenicaliy unsaturated monomer or monomers and at least one free 
radically poiymerizable polysiloxane-containing ethylenicaliy unsaturated 
monomer or monomers. 

The silicone grafted polymers hereof generally comprise from 
about 1% to about 50%, by weight, of polysiloxane-containing monomer 
30 uriits, i.e., monomer units polysiloxane-containing monomers (referred to 
herein as "C" monomers), and from about 50% to about 99% by weight, 
of non-poiysilQxane-containing monomers. 

The non-polysiloxane-containing monomer units can be derived 
from polar, or hydrophilic, monomers, "A" monomers, or mixtures of polar 
35 hydrophilic monomers and low polarity, or hydrophobic, "B" monomers. 

Hydrophobic monomers means monomers which form 
substantially water insoluble homopolymers. Hydrophilic monomers 
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means monomers which do not form substantially water insoluble 
homopolymers. Substantially water soluble shall refer to monomers that 
form homopolymers that are soluble in distilled (or equivalent) water, at 
25*C, at a concentration of 0.2% by weight, and are preferably soluble at 
5 1.0% by weight. Substantially water insoluble shall refer to monomers 
that form homopolymers that are not soluble In distilled (or equivalent) 
water, at 25°C, at a concentration of 0.2% by weight, and preferably not 
soluble at 0.1% by weight. The weight average molecular weight for 
purposes of determining substantial water solubility or insolubility shall 

10 be about 100,000. although solubility at higher molecular weight shall 
also be indicative of solubility at about 100,000. 

The particular relative amounts of A, B, and C monomers can vary 
as long as the polymer backbone is soluble in the polar solvent hereof 
and the silicone grafted copolymer exhibits phase separation when dried. 

15 Representative examples of A monomers include acrylic acid, 

methacrylic acid, N,N-dimethylacrylamide, dimethyl aminoethyl 
methacrylate, quatamized dimethylaminoethyl methacrylate, 
methacrylamide, N-t-butyl acrylamide. maleic add, maleic anhydride and 
its half esters, crotonic acid, itaconic acid, acrylamide, acrylate alcohols, 

20 hydroxyethyl methacrylate, diallyldimethyl ammonium chloride, vinyl 
pyrrolidone. vinyl ethers (such as methyl vinyl ether), mateimides. vinyl 
pyridine, vinyl imidazole, other polar vinyl heterocyclics, styrene 
sulfonate, allyl alcohol, vinyl alcohol (such as that produced by the 
hydrolysis of vinyl acetate after polymerization), vinyl caprolactam. salts 

25 Of any acids and amines listed above, and mixtures thereof. Preferred A 
monomers include acrylic acid, N,N-dimethyl acrylamide, 
dimethylaminoethyl methacrylate. quatemized dimethyl aminoethyl 
methacrylate, vinyl pyrrolidone, salts of acids and amines listed above, 
and mixtures thereof. 

30 Representative examples of B monomers are acrylic or 

methacrylic acid esters of C-i-Cie alcohols, such as methanol, ethanol, 
methoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyM- 
propanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, 1- 
methyl-1-butanol, 3-methyl-1-butanol, 1-methyl-1-pentanol, 2-methyl-1- 

35 pentanol, 3-methyl-1-pentanol, t-butanol(2-methyl-2-propanol), 
cyclohexanol, neodecanol, 2-ethyl-1-butanol, 3-heptanol, benzyl alcohol, 
2-octanol, 6-methyl-1-heptanol, 2-ethyl-1-hexanol. 3,5-dimethyl-1- 
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hexanol, 3,5,5-tri inethyl-1-hexanol, 1-decanol, l-dodecanol, 1- 
hexadecanol, 1-octa decanol, and the like, the alcohols having from 
about 1-18 carbon atoms with the number of carbon atoms preferably 
being from about 1-12; styrene; polystyrene macromer; vinyl acetatie; 
5 vinyl chloride; vinylidene chloride; vinyl propionate; alpha-methylstyrene; 
t-butylstyrene; butadiene; c^clohexadiene; ethylene; propylene; vinyl 
toluene; and mixtures thereof. Prefenred B monomers Include n-butyl 
methacrylate, Isobutyl methacrylate, t-butyl acrylate. t-butyl methacrylate, 
2-6thylhexyl methacrylate. methyl methacrylate, and mixtures thereof. 
10 Most preferably. B is selected from t-butyl acrylate, t-butyl methacrylate, 
and mixtures thereof. 

Poiymerizable poiysiloxane-containing monomers (C monomer) 
are exemplified by the general fonnula: 
X(Y)nSi(R)3.mZm 

IS wherein X is an ethylenically unsaturated group copolymerizable with the 
A and B monomers, such as a vinyl group; Y is a divalent Uniting group; R 
is a hydrogen, hydroxyl, lower alkyi (e.g. C1-C4), aryl, alkaryl, alkoxy, or 
alkylamino; Z is a monovalent siloxane polymeric moiety having a 
number average molecular weight of at least about 500, is essentially 

20 unreactlve under ccipolymerization conditions, and is pendant from the 
vinyl polymeric backbone described above; n is 0 or 1; and m is an 
integer from 1 to 3. C has a weight average molecular weight as 
described above. Preferably, the C monomer has a fonnula selected 
from the following group: 

25 0 
II 

X-C.0-(CH2)q-(0)p-Si{Rl)3.mZm 

In this structure, m is 1, 2 or 3 (preferably m = 1); p is 0 or 1; q is 
30 an Integer flx>m 2 to 6; R1 is hydrogen, hydroxyl, lower alkyi, alkoxy, 
all^lamlno, aryl, or alkaryl (preferably r1 is alkyi); X is 

CH=C- 
I I 

35 r2 r3 

r2 is hydrogen or -COOH (preferably r2 is hydrogen); r3 is hydrogen, 
methyl or -CH2COOH (preferably r3 is methyl); Z is 
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I 

R4^^IO.)r; 

I 

5 r6 

r4, r5, and r6 independently are lower alkyi, alkoxy, alkylamino, aryl, 
arkaryl, hydrogen or hydroxyl (preferably r4, r5 and r6 are alkyls); and 
r is an integer of about 5 or higher, preferably about 10 to about 1500 
(most preferably r is from about 100 to about 250). Most preferably, R^, 

10 rS. and r3 are methyl, p^o, and qs3. 

In general, the silicone grafted polymer will preferably comprise 
from about 50% to about 99%, more [preferably from about 60% to about 
98%, most preferably from about 75% to about 95%, by weight of the 
polymer, of non-silicone macromer-containing monomer units, e.g. the 

15 total A and B monomer units, and from about 1% to about 50%, 
preferably from about 1% to about 40%, more preferably from about 2% 
to about 25%, of silicone macramer-containing monomer units, e.g. the C 
monomer units. The level of A monomer units can be from about 1% to 
about 99%, preferably from about 5% to about 80%, more preferably from 

20 about 1 0% to about 50%, most preferably from about 1 5% to about 40%; 
the level of B monomer units, can be from 0% to about 99%, preferably 
from about 1% to about 90%, more preferably from about 5% to about 
85%, most preferably from about 15% to about 80%; and the level of C 
monomer units, from about 1% to about 50%, preferably from about 1% 

25 to about 40%, more preferably from about 2% to about 26%. 

The composition of any particular silicone grafted polymer will help 
determine its fbrmulational properties. By appropriate selection and 
combination of particular A, B and C components, the silicone grafted 
polymer can be optimized for inclusion in sbecific vehicles. The 

30 backbone of the silicone grafted polymer included in the compositions 
hereof must be soluble in the polar solvent, which is hereinafter referred 
to as the silicone grafted polymer, as a whole, being soluble in the polar 
solvent. This is determined according to whether the polymer can stay in 
solution or precipitates out of solution at 25°C at the concentration 

35 present in the composition or whether the range of concentrations for 
silicone grafted polymer discribed herein. It is well within the sidll of one 
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in the art to select monomers for incorporation into the polymers for 
formulateability and solubility in selected polar solvent systems. 

Exemplary silicone grafted polymers for use in the present 
invention include the following: 

(i) acrylic add/n-butylmethacrylate/polydimethylsiloxane 

(PDMS) macromer 20,000 moleojlar weight macromer 
(11) dimethylamlnoethyl methacrylate/isobutyl methacrylate/2- 

-elhylhexyl-melhacfylate/PDMS macromer-20,000 

molecuiar weight macromer 
(ill) t-butylacrylate/acrylic acld/PDMS macromer-1 0,000 

molecular weight macromer 
(iv) t-butylacrylate/acrylic acid/PDMS macromer-20,000 

molecular weight macromer 
The silicone grafted polymers can be synthesized by free radical 
polymerization of the polysiloxane-containing monomers with the non- 
polysiloxane-containing monomers. The general principles of free 
radical polymerization methods are well understood. See, for example, 
Odian, "Principles of Polymerization", 2nd edition, John Wiley & Sons, 
1981. pp. 179-318. The desired monomers are all placed in a reactor, 
along with a sufficient amount of a mutual solvent so that when the 
reaction is complete the viscosity of the reaction is reasonable. Typical 
monomer loadings are from about 20% to about 50%. Undesired 
tenninators, especially oxygen, are removed as needed. This is done by 
evacuation or by purging with an inert gas, such as argon or nitrogen. 
The initiator is introduced and the reaction brought to the temperature 
needed for initiation to occur, assuming thermal initiators are used. 
Alternatively, redox or radiation initiation can be used. The 
polymerization is allowed to proceed as long as needed for a high level 
of conversion to be achieved, typically from a few hours to a few days. 
The solvent is then removed, usually by evaporation or by precipitating 
the polymer by addition of a nonsolvent. The polymer can be further 
purified, as desired. 

In particular the silicone grafted polymers can be purified by 
removing unreacted silicone-containing monomer and silicone 
macromer-grafted polymer with viscosities at 25°C of about 10,000,000 
centistokes and less. This can be done, for the example, by hexane 
extraction. After drying the resin from its reaction solvent hexane 
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extraction of the reaction product can be performed by adding an excess 
of hexane to the reaction product and heating to near the Tg of the 
non-silicone portion of the polymer. The mixture is held at this 
temperature with stirring for about 30 minutes and cooled to room 
5 temperature. The hexane is removed by vacuum suction. Two more 
hexane extraction cycles are preferably conducted in the same manner 
as above. After the third cycle, residual hexane remaining with the 
product is removed by distillation and vacuum drying. 

As an alternative to a batch reaction, the silicone grafted polymer 

10 can be made by a semi-continuous or continuous process. In the semi- 
continuous process, two or more additions of monomers is made during 
the polymerization reaction. This is advantageous when the polymer Is 
made of several monomers which react during the polymerization at 
different rates. The proportions of monomers added to the reaction at 

IS the separate points of addition can be adjusted by one of ordinary skill in 
the art such that the polymers of the final product have a more uniform 
structure. In other words, the polymers of the final product will have a 
more consistent monomer content distribution for each of the monomer 
types charged to the reaction. Typically, the silicone macromer- 

20 combining monomers, the "C" monomers as described above, well react 
more slowly than the non-silicone macromer-containing monomers. To 
compensate for this, for example, more consistent distribution of C 
monomer can be obtained by adding all the C monomer and half of the A 
and B monomers in the first addition of monomers to the reaction, and 

25 the rest of the A and B monomers in a second addition. 

As is known in the art, polymers which have acidic functionalities, 
such as carboxyl groups, are usually used in at least partially neutralized 
form to promote solubility/dispersibility of the polymer. In addition, use of 
the neutralized form aids in the ability of the hair care compositions to be 

30 removed from the hair by shampooing. In general. It is preferred that 
from about 10% to 100%, more preferably from about 20% to about 90%, 
even more preferably from about 40% to about 85%, of the acidic 
monomers of the polymer be neutralized. 

Any conventionally used base, organic or metallic, may be used 

35 for neub^lization of the polymers. Metallic bases are particularly useful 
in the present compositions. Hydroxides, where the cation is an alkali 
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metal or an alkaline earth metal, are suitable neutrallzers for use in the 
present hair spray compositions. 

Preferred neutralizing agents for use in hair spray compositions of 
the present invention are potassium hydroxide and sodium hydroxide. 
5 Examples of other suitable neutralizing agents which may be 

included In the hair spray compositions of the present invention include 
amines, especially amino alcohols such as 2-amino-2- 
-methyl-1,3-propanedlol (AMPD), 2-amine-2-ethyl-1,3-propanediol 
(AEPD), 2-amlno-2-methyM-propanol (AMP), 2-amlno-1-butanol (AB), 

10 monoethanolamine (MEA), diethanolamine (DEA), triethanolamine 
(TEA), monolsopropanolamlne (MiPA), dilsopropanol-amine (DlPA), 
tri-lsopropanolamine (TIPA) arui dimethyl steramine (DMS). Particularly 
useful neutralizing agents are mixtures of amines and metallic bases. 

Polymers having basic functionalities, e.g., amino groups, are 

IS preferably at least partially neutralized with an acid, e.g., hydrogen 
chloride. 

Solubility of the silicone grafted polymer, as described above, 
should be determined after neutralization, if any, as well as after addition 
of other ingredients that may be Included In the polar solvent phase, 

20 such as surfactants, sotublllzers, etc. 
Polar Solvent Phase 

The liquid care compositions of the present invention also include 
a polar solvent phase as a liquid vehicle for the silicone grafted polymer. 
The polar solvent phases comprise one or more polar solvents that are 

25 present in the hair care compositions at a level of from about 80% to 
about 98.9%, preferably from about 85% to about 98%, more preferably 
from about 90% to about 95% of the total composition. 

ITie polar solvents essential to the present compositions are 
selected from the group consisting of water C2-C3 monohydric alkanols, 

30 and mixtures thereof. If present, C3 alkanols, such as isopropanol, 
should be used at levels no greater than about 15% by weight of the 
composition, preferably no greater than about 12%, more preferably no 
greater than about 10%. High levels of C3 monohydric alcohols are 
undesirable in the prissent compositions due to potential odor issues they 

35 can create. Prefen^d polar solvent phases contain water, ethanol, or 
mixtures thereof. 
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Where water and alcohol mixtures are used, for Instance, 
water-ethanol or water-isopropanol-ethanol, the water content of the 
compositions Is generally in the range of from about 0.5% to about 99%, 
preferably from about 5% to about 50% by weight of the total 
S composition. In such mixtures, the alcohol solvents are generally 
present in the range of from 0.5% to about 99%, preferably from about 
50% to about 95%, by weight of the total composition. 

In yet another aspect of this invention are provided hair styling 
products, such as hair spray compositions, which contain reduced levels 

10 of volatile organic solvents. A reduced volatile organic solvent hair spray 
composition of the present invention contains no more than 80% volatile 
organic solvents (virtiich include, for example, alkanols but not water). As 
used herein, volatile organic solvents means solvents which have at 
least one carbon atom and exhibit a vapor pressure of greater than 0.1 

15 mmHgat20»C. 

In the reduced volatile organic solvent hair styling products 
hereof, the compositions generally comprise at least 10%, by weight, of 
water. It Is also specifically contemplated that they may contain at least 
about 11%. 12%, 13%, 14%, 15%, or more water. 

20 The reduced volatile organic solvent compositions hereof will 

comprise up to about 90%, preferably up to about 70%, more preferably 
up to about 60% even more preferably no more than about 50%, water; 
and from about 10% to about 80%, preferably from about 20% to about 
80%, more preferably from about 40% to about 80%, of volatile organic 

25 solvent. It Is also contemplated that the compositions can be limited to 
containing no more than about 75%. 65%, 55%, or other levels of volatile 
organic solvents. 

Nonpolar. Branched Qhain Hydrocartypn 

Hie compositions hereof contain as an essential element a 

30 volatile, nonpolar, branched chain hydrocarbon, which acts as a solvent 
for the silicone portion of the silicone grafted copolymer and is safe for 
topical application to the skin and hair. The branched chain hydrocarbon 
solvent hereof is present at a level of from about 0.5% to about 16%, 
preferably from about 1% to about 10%, more preferably from about 2% 

35 to about 8%, by weight of tiie composition. 

The branched chain hydrocarbon solvent is characterized by a 
boiling point of at least about 105°C, preferably at least about IIO^C, 
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more preferably at least about 125«'C, most preferably at least about 150 
°C . The boiling point is also generally about 260°C or less, preferably 
about 200°C or less. The hydrocarbon chosen should also be safe for 
topical application to the hair and skin. 
5 The branched chain hydrocarbon solvents are selected from the 

group consisting of C10-C14 branched chain hydrocarbons, and mixtures 
thereof, preferably C11-C13 branched chain hydrocarbons, more 
preferably C12 branched chain hydrocarbon^. Saturated hydrocarbons 
are preferred, although it isn't necessarily intended to exclude 

10 unsaturated hydrocarbons. 

Examples of suitable nonpolar solvents include isoparafTins of the 
above chain sizes. IsoparafTins are commercially available from Exxon 
Chemical Co. Examples include Isopar'I'M q (Ciq-Ch isoparaffins), 
Isopar™ H and K (C11-C12 isoparaffins), and Isopar^M l {Cii-Ci3 

IS isoparaffins). The most preferred nonpolar solvent are C12 brandned 
chain hydrocarbons, especially isododecane. Isododecane is 
commercially available from Preperse, Inc. (South Plainfield, NJ, USA) 
as PermethylTM 99A. 

The silicone mdCTomer portion of the silicone grafted polymer is 

20 soluble in the nonpolar hydrocarbon solvent in the present compositions. 
This can be easily determined by verifying whether a silicone maaomer 
of the same composition and molecular weight as that grafted to the 
stiioone grafted polymer is soluble in the nonpolar hydrcarbon solvent. 
In general, the macromer should be soluble at 25°C at a concentration of 

25 0.1% by weight of the hydrocarbon solvent, preferably at 1%, more 
preferably at 5%, most preferably at 15%. 

The nonpolar hydrocarbon solvent, however, is insoluble in the 
polar solvent of the composition. This is determined in the absence of 
the silicone grafted polymer, or other emulsifying agents, and can easily 

30 be verified by observing whether the polar and nonpolar solvents form 
separate phases after being mixed together. 

Without intending to be necessarily limited by any particular 
theory, it is believed that the nonpolar hydrocarbon solvent solubilizes 
the silicone macromer portion of the silicone grafted polymer. This is 

35 believed to aid in obtaining a smoother polymer film upon drying. Since 
the hydrocarbon solvent is less volatile than the polar solvent phase, the 
hydrocarbon solvent maintains the silicone portions in solubilized form 
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for a relatively long period as ttie composition dries, thus minimizing 
aggregation of the silicone portions and, therefore, allowing the polymer 
to dry as a smoother film. 
Plasticizer 

S The compositions hereof can optionally contain a plasticizer for 

the silicone grafted polymer. Any plastidzer suitable for use in hair care 
products or for topical application to the hair or skin can be used. A wide 
variety of plastidzers are known in the art. These include glycerin, 
diisobutyl adipate, butyl stearate, and propylene glycol. Plastidzers are 

10 typically used at levels of from about 0.01% to about 10%, by weight of 
the composition, preferably from about 0.05% to about 3%, more 
preferably from about 0.05% to about 1 %. 

In a highly prefen^ed embodiment hereof, surprising improvements 
in hair hold performance can be obtained when the present compositions 

15 have induded therein certain plastidzers seleded from the group 
consisting of acetyl tri-C2-C8 alkyi citrates, such as acetyl triethyl citrate. 
Other suitable examples indude the tri-propyl, -butyl, -pentyl, etc., 
analogues of acetyl triethyl citrate . 

Whereas It has been found that plastidzers of this type result in a 

20 brittle, gritty film of the silicone grafted polymer when formed from a 
composition not induding the hydrocarbon solvent of the present 
invention, the use of the acetyl tri-alkyi citrate in the presence of the 
hydrocarbon solvent in the present compositions can provide improved 
hair hold relative to the citrate-free composition, without causing the hair 

25 to feel brittle or gritty, and while also allowing the hair to exhibit improved 
softness and comb-ability relative to a dtrate plasticizer-containing 
composition that does not contain the nonpolar hydrocarbon solvent 
hereof. 

The acetyl tri-alkyi citrate plastidzer hereof is generally used at a 
30 level of from about 0.025% to about 2%. preferably from about 0.05% to 
about 1%, by weight of the composition. Preferably, the weight ratio of 
silicone grafted polymer to the acetyl tri-alkyi dtrate is from about 1:1 to 
about 40:1, preferably from about 10:1 to about 30:1, more preferably 
from about 16:1 to about 25:1 . 
35 Qptjonal Ingredients 

The present compositions can contain a wide variety of optional 
ingredients, including among them any of the types of ingredients known 
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in the art for use in hair setting compositions, especially hair spray 
compositions and hair setting tonics. These ingredients include, but are 
not limited to, surfactants (including fluorinated surfactants and silicone 
copolyols, and silicone tonic strength modifiers, non-silicone grafted film- 
5 fonning polymers, propellents, hair conditioning agents (e.g., silicone 
fluids, fatty esters, fatty alcohols, long chain hydrocarbons, cationic 
surfactants, etc.) 
Fluorosurfactants 

Fluorosurfactants useful In ttie present compositions include 

10 perfluorinated compounds which can be represented by the fomriula 
CF3-(CF2)j^-(CH2)y-Z 
where Z is a water solubilizing group of either organic or inorganic 
character, x is an Integer which is generally from 2 to 17, particularly 
from 7 to 1 1 , and y is an integer firom 0 to 4, and said compounds may be 

15 cationic, anionic, amphoteric or zwitterionic, depending upon the nature 
of the grouping or groupings encompassed by Z. The Z groups may be 
or may comprise sulfate, sulfonate, carboxylate, amine salt, quaternary 
ammonium, phosphate, phosphonate, and combinations thereof. The 
perfluorinated compounds are known in the art. These compounds are 

20 described in U.S. Patent 4,176,176, Cella et al., issued November 27, 
1979; U.S. Patent 3,993,745. Ceiia et al.. issued November 23, 1976, 
and U.S. Patent 3,993,744, Cella et al.. issued November 23, 1976, each 
being incoiporated herein by reference. 

Suitable anionic fluorosurfactants can have anionic moieties which 

25 include carboxylates, sulfates, sulfonates, phosphonates and 
phosphates or any combination thereof. Counterions therefore can 
include sodium, NH4, magnesium, potassium, tri-ethanolamine, 
di-ethanolamine, and similar moieties. Suitable cationic fluorosurfactants 
can have cationic moieties which include quaternary ammonium 

30 compounds where the counterions can be diloride or any other halide, 
methosulfete, ethosulfate, phosphate, acetate, and other similar 
moieties. Also, suitable cationic fluorosurfactants can have cationic 
moieties which include primary, secondary and tertiary amine salts of 
acids such as hydrochloric, lactic, phosphoric, sulftjric and other similar 

35 acids. 

Also suitable for use are amphoteric fluorosurfactants, such as 
Fluorad FC-100® supplied by 3M; and the experimental amphoteric 
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fluorosurfactant L-12231 supplied by 3M; and also include zwitterionic 
fluorosurfactants such as tliose conforming to tlie formula 
RjCH2CH(OCOCH3)CH2N"^(CH3)2CH2C02. wherein Rf=F(CF2CF2)3-8 
such as Zonyl FSK®supplled by DuPont 
5 Fluorosurfactant, are typically used at levels of from about 0.01 % 

to about 2%, preferably from about 0.01% to about 1.5%. More 
preferably firom about 0.02% to about 1 %. 
Non-fluorinated Surfactants 

Optionally, the hair spray compositions can contain one or more 

10 non-fluorinated surfactant. Generally, if used such non-fluorinated 
surfactants will be used at a total level of from about 0.01 % to about 2%, 
preferably from about 0.01% to about 1.5% and more preferably from 
about 0.01% to about 1%, by weight of the composition. 

A wide variety of non-fluorinated surtectants can be used, 

IS including anionic, cationic, amphoteric, and zwitterionic surfactants. 

Anionic surfactants include, for example: alkyi and alkenyl 
sulfates; aikyi and alkenyi ethoxyiated sulfates; (preferably having an 
average degree of ethoxylation of 1 to 10), succinamate surfactants, 
isuch as aiMsulfosucdnamates and dialkyi esters of sulfosuccinic iacid; 

20 neutralized fatty acid esters of isethionic acid; and alkyI and alkenyl 
sulfonates, including, for example, olefin sulfonates and beta-alkoxy 
alkane sulfonates. Preferred are alkyI and alkenyl sulfates and alkyI and 
alkenyl ethoxyiated sulfates such as the sodium and ammonium salts of 
Ci2-Ci8 sulfates and ethoxyiated sulfates with a degree of ethoxylation 

25 of from 1 to about 6. preferably from 1 to about 4, e.g., lauryl sulfate and 
laureth (3.0) sulfate. 

Amphoteric surfactants Include those which can be broadly 
described as derivatives of aliphatic secondary and tertiary amines in 
whidi the aliphatic radical can be straight chain or branched and wherein 

30 one of the aliphatic substituents contains from about 8 to about 18 
carbon atoms and one contains an anionic water solubilizing group, e.g., 
carboxy, sulfonate, sulfate, phosphate, or phosphonate. Examples of 
compounds falling within this definition are sodium 3-dodecylaminopro- 
pionate, N-alkyltaurines such as the one prepared by reacting 

35 dodecylamine with sodium isethionate according to the teaching of U.S. 
Patent 2,658,072, N-higher alkyI aspartic acids such as those produced 
according to the teaching of U.S. Patent 2,438,091, and the products 
sold under the trade name "Miranol" and described in U.S. Patent 



wo 95/04518 



PCT/IJS94/08«31 



19 

2,528,378. Others include alkyl, preferably Cg-C22 and most preferably 
Cg-C^2' annphoglycinates; alkyl, preferably Cg-C22 and most preferably 
Cg-C^2< aniphopropionates; and mixtures thereof. 

Suitable zwitterionic surfactants for use in the present 
5 compositions can be exemplified by those which can be broadly 
described as derivatives of aliphatic quaternary ammonium, phos- 
phonlum. and sulfonlum compounds, in which the aliphatic radicals can 
be straight chain or branched, and wherein one of the aliphatic 
substituents contains from about 8 to 18 carbon atoms and one contains 
10 an anionic water-solublli2jng group, e.g., carboxy, sulfonate, sulfate, 
phosphate, or phosphonate. A general formula for these compounds is: 
(R3), 

R2 _ Y^"^) — CH2 — R4 — Z^') 

IS wherein R2 contains an alkyl, alkenyl, or hydroxy alkyl radical of from 
about 8 to about 18 carbon atoms, from 0 to about 10 ethylene oxide 
moieties and from 0 to 1 glyceryl moiety; Y is selected from the group 
consisting of nitrogen, phosphorus, and sulfur atoms; R3 is an alkyl or 
monohydroxyalkyl group containing 1 to about 3 carbon atoms; x is 1 

20 when Y is sulfur or phosphorus. 1 or 2 when Y is nitrogen; R4 is an 
alkylene or hydroxyalkylene of from 1 to about 4 carbon atoms and Z is a 
radical selected from the group consisting of carboxylate, sulfonate, 
sulfate, phosphonate. and phosphate groups. Classes of zwitterionics 
include alkyl amino sulfonates, alkyl betaines, and alkyl amido betaines. 

25 Cationic surfactants useful in compositions of the present 

invention contain amino or quaternary ammonium hydrophilic moieties 
which are positively charged when dissolved in the aqueous composition 
of the present invention. Cationic surfactants among those useful herein 
are disclosed in the following documents, all incorporated by reference 

30 herein: M. C. Publishing Co., McCutcheon's, Detergents & Emulslfiers, 
(North American edition 1979); Schwartz, et al., Surface Active Agents, 
Their Chemistry and Technology, New York: Interscience Publishers, 
1949; U.S. Pat No. 3,155,591, Hilfer. issued Nov. 3, 1964; U.S. Pat. No. 
3,929,678, Laughlin, et al., issued Dec. 30, 1975; U.S. Pat. No. 

35 3,959,461, Bailey, et al., issued May 25, 1976; and U.S. Pat No. 
4.387,090, Bolich, Jr., issued June 7, 1 983. 
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Among the quaternary ammonium-containing cationic surfactant 
materials useful herein are those of the general formula: 
R1 R3 * 



R2 R4 

wherein Is an aliphatic group of from 1 to 22 carbon atoms, or an 
aromatic, aryl or alkylaryl group having from 12 to 22 carbon atoms; R2 
is an aliphatic group having from 1 to 22 cart)on atoms; R3 and R4 are 

10 each alkyi groups having from 1 to 3 cartxin atoms, and X is an anion 
selected from halogen, acetate, phosphate, nitrate and alkylsulfate 
radicals. The aliphatic groups may contain, in addition to carton and 
hydrogen atoms, ether linkages, and other groups such as amido groups. 
Other quaternary ammonium salts useful herein are diquatemary 

IS ammonium salts. 

Salts of primary, secondary and tertiary fatty amines are also 
suitable cationic surfactants for use herein. The aikyi groups of such 
amines preferably have from 12 to 22 carbon atoms, and may be 
substituted or unsubstituted. Secondary and tertiary amines are 

20 prefenred, tertiary amines are particularly preferred. Such amines, useful 
herein, include stearamido propyl dimethyl amine, diethyl amino ethyl 
stearamlde, dimethyl stearamine, dimethyl soyamine, soyamine, myristyl 
amine, tridecyl amine, ethyl stearylamine, N-tallowpropane diamine, 
ethoxylated (5 moles E.O.) stearylamine, dihydroxy ethyl stearylamine, 

25 and arachidylbehenylamine. Cationic amine surfactants included among 
those useful in the present Invention are disclosed in U.S. Pat. No. 
4,275,055, Nachtigal, et al., issued June 23. 1981 (incorporated by 
reference herein). 

Suitable cationic surfactant salts include the halogen, acetate, 

30 phosphate, nitrate, citrate, lactate and alkyI sulfate salts. 

Nonionic surfactants can also be included in the compositions 
hereof. Preferably, the nonionic surfactants have an average l-tLB 
(Hydrophile-Lipophile Balance) of less than or equal to about 7. 

Methods of determining HLB are well known in the art and any of 

35 such methods may be used for HLB detemiination. A description of the 
HLB System and methods for HLB detemiination are desaibed in "The 
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HLB System: a time saving guide to emulslfier selection, " ICI Americas 
Inc.; Wilmington, Delaware; 1976. 

Nonionic surfactants include polyethylene oxide condensates of 
alkyi phenols (preferably Ce-C-|2 alkyi, with a degree of ethoxylation of 
5 about 1 to about 6), condensation products of ethylene oxide with the 
reaction product of propylene oxide and ethylene diamine, condensation 
products of aliphatic alcohols with ethylene oxide, long chain (i.e., 
typically 0-12-022) tertiary amine oxides, long chain tertiary phosphine 
oxides, dialkyi sulfoxides containing one long chain alkyI or hydroxy alkyI 
10 radical and one short chain (preferably C1-C3) radical, silicone 
copoiyols, and C1-C4 ailkanol amides of acids having a O8-C22 acyl 
moiety. 

Ionic Strength Modifier System 

Optionally, the compositions of the present invention can contain 

15 an effective amount of a non-surface active ionic strength modifier 
system for reducing the viscosity of the hair spray composition. When 
used, the ionic strength modifiers will be present in the present composi- 
tions at a level of at least about 0.01%, by weight of the composition. 
The upper limit is dependent upon the maximum amount of the ionic 

20 strength modifiers that can be present in the particular compositions 
hereof such that the hair setting resin remains solubilized or dispersed. 
As will be understood by those skilled in the art, as the ionic strength of 
the composition is increased, the resin will eventually faW out of solution, 
or othenvise no longer remain solubilized or dispersed in the polar liquid 

25 carrier. The upper limit of the ionic strength modifier system level will 
vary depending upon the particular ionic strength modifiers, liquid 
vehicle, resin, and other ingredients present in the composition. Thus, 
for example, the maximum amount of the ionic strength modifiers that can 
be used will tend to be lower for compositiCNis with liquid vehicles 

30 containing less water, compared to compositions with more water. 
Generally, the compositions will comprise about 4%, by weight, or less of 
the ionic strength modifiers, more generally about 2% or less, and 
typically about 1% or less. Preferably, the compositions hereof will 
comprise from about 0.01% to about 0.5%, more preferably from about 

35 0.01 % to about 0.1 %, of the ionic strength modifier system. 

The ionic strength modifier system comprises a mixture of 
monomeric cations and anions. The ions of the ionic strength modifier 
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system hereof are non-surface active, i.e. they do not significantly reduce 
surface tension. For purposes hereof, non-surface active shall mean the 
ions, which at a 0.5% aqueous solution concentration, reduce surface 
tension by no more than 5.0 dynes/cm2. Generally, the Ions of the ionic 
S Strength modifier system hereof will be characterized by having, at 
maximum, four or less carbon atoms per charge, preferably two or less 
carbon atoms, in any aliphatic chain or straight or branched chain 
orgaiic heterochain. 

The ionic strength modifier system comprises monomeric ions of 

10 the type which are products of acid-base reactions. Thus,", basic and 
acidic ions OH" and H* do not constitute part of the Ionic strength 
modifier system hereof, although they may be present in the composition. 
The ions hereof are incorporated into the composition in a form such that 
they can exist In the composition as free ions, I.e., In dissociated form. It 

15 is not necessary that all of the ions added exist in the composition as 
free Ions, but must be at least partially soluble or dissociated in the 
composition. The ionic strength modifiers can be incorporated into the 
hair styling compositions, for example, by addition of soluble salts, or by 
addition of mixtures of adds and bases, or by a combination thereof. It is 

20 a necessary aspect of the invention that both anions and cations of the 
Ionic strength modifier system be included in the composition. 

Suitable cations for use include, for example, all<ail metals, such 
as lithium, sodium, and potassium, and alkaline-earth metals, such as 
magnesium, calcium, and strontium. Prefen-ed of the divalent cations is 

25 magnesium. Preferred monovalent metal ions are lithium, sodium, and 
potassium, particularly sodium and potassium. Suitable means of 
, addition to the compositions hereof include, for example, addition as 
bases, e.g., hydroxides, sodium hydroxide and potassium hydroxide, and 
such as salts that are soluble In the liquid earner, e.g. salts of monomeric 

30 anions such as those described below. 

Other suitable cations include organic ions, such as quaternary 
ammonium ions and cationic amines, such as ammonium mono-, di-, and 
tri-ethanolamines, triethylamine, morphollne, aminomethylpropanol 
(AMP), aminoethylpropanediol, etc. Ammonium and the amines are 

35 preferably provided In the forms of salts, such as hydrochloride salts. 

l\/lonomeric anions that can be used include halogen ions, such as 
chloride, fluoride, bromide, and iodide, particularly chloride, sulfate, ethyl 
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sulfate, methyl sulfate, cyclohexyl sulfamate, thiosulfate, toluene 
sulfonate, xylene sulfonate, citrate, nitrate, bicarbonate, adipate, 
succinate, saccharlnate, benzoate, lactate, borate, isethionate, tartrate, 
and other monomeric anions that can exist in dissociated form in the hair 
5 styling composition. The anions can be added to the compositions 
hereof, for example. In the form of acids or salts \A^ich are at least 
partially soluble in the liquid vehicle, e.g., sodium or potassium salts of 
acetate, citrate, nitrate, chloride, sulfate, etc. Preferably, such salts are 
entirely soluble in the vehicle. 

10 The use of ionic strength modifiers are especially useful in 

reduced volatile organic solvent compositions, most especially those 
utilizing silicone macromer-containing polymers. 

Hair Styling Compositions 
The present invention encompasses a wide variety of hair styling 

15 compositions, including hair spray compositions, mousses, and hair 
setting tonics. In general, the compositions will be flowable, low viscosity 
compositions that, preferably, are suitable for spray application. Higher 
viscosity compositions are also contemplated, however. 

Hair spray compositions and mousses of the present invention 

20 can be dispensed from containers which are aerosol dispensers or pump 
spray dispensers. Such dispensers, i.e., containers, are well known to 
those skilled In the art and are commercially available from a variety of 
manufacturers, including American National Can Corp. and Continental 
Can Corp. 

25 When the hair spray compositions are to be dispensed from a 

pressurized aerosol container, a propellent which consists of one or 
more of the conventionally-known aerosol propellants may be used to 
propel the compositions. A suitable propellent for use can be generally 
any liquifiable gas conventionally used for aerosol containers. 

30 Suitable propellants for use are volatile hydrocarison propellants 

which can include Ikjuified lower hydrocarisons of 3 to 4 cariaon atoms 
such as propane, butane and isobutane. Other suitable propellants are 
hydrofluorocarbons such as 1,2-difluoroethane (Hydrofluorocarbon 
152A) supplied as Dymel 152A by DuPont. Other examples of 

35 propellants are dimethylether, nitrogen, cari^on dioxide, nitrous oxide and 
atmospheric gas. 
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The hydrocarbons, particularly isobutane, used singly or admixed 
with other hydrocarbons are preferred. 

The aerosol propellant may be mixed with the present compo- 
sitions and the amount of propellant to be mixed is governed by nomial 
5 factors well known in the aerosol art. Generally, for liquifiable 
propellants, the level of propellant is from about 10% to about 60% by 
weight of the total composition, preferably firom about 15% to about 50% 
by weight of the total composition. 

Alternatively, pressurized aerosol dispensers can be used where 
10 the propellent Is separated from contact with the hair spray composition 
such as a two compartment can of the type sold under the tradename 
SEPRO from American National Can Corp. 

Other suitable aerosol dispensers are those characterized by the 
propellant being compressed air which can be filled into the dispenser by 
15 means of a pump or equivalent device prior to use. Such dispensers are 
described in U.S. Patents 4,077,441, March 7. 1978, Olofsson and 
4,850,577, July 25, 1989, TerStege, both incorporated by reference 
herein, and in U.S. Serial No. 07/839,648, Gosselin et al., filed February 
21, 1992, also incorporated by reference herein. Compressed air 
20 aerosol containers suitable for use are also currently marketed by The 
Procter & Gamble Company under their tradename VIDAL SASSOON 
AIRSPRAY® hair sprays. 

Conventional non-aerosol pump spray dispensers, i.e., atomizers, 
can also be used. 

25 Other hair styling compositions include tonics and lotions, which 

are typically dispensed in a conventional bottle or tube, and applied 
directly to the hair or first dispensed to the hand and then to the hair. 

The hair styling fonnulatlons of the present invention can 
optionally contain conventional hair care composition adjuvants. 

30 Generally, adjuvants collectively can comprise from about 0.05% to 
about 5% by weight and preferably firom about 0.1% to about 3%, by 
weight. Such conventional optional adjuvants are well known to those 
skilled in the art and include in addition to those discussed above, emol- 
lients; lubricants and penetrants such as various lanolin compounds; 

35 protein hydrolysates and other protein derivatives; ethylene adducts and 
polyoxyethylene cholesterol; dyes, tints, bleaches, reducing agents and 
other colorants; pH adjusting agents sunscreens; preservatives; 
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thickening agents (e.g. polymeric thickeners, such as xanthan gum); and 
perfume. 

METHOD OF MAKING 
The hair styling compositions of the present invention can be 
S made using conventional formulation and mixing techniques. Preferably, 
a premix of the silicone grafted polymer and the ethanol is made first. If 
ethanol is not to be used in the composition, a premix of the polymer with 
C3 alkanol or water is prepared. The other Ingredients can then be 
added with mixing to provide a homogeneous mixture. It the polymer is 
10 neutralized, the neutraiizer is preferably added to the premix prior to 
addition of other ingredients. 

METHOD OF USE 
The compositions of the present invention are used in 
conventional ways to provide the hair styling/holding benefits of the 
IS present invention. Such method generally involves application of an 
effective amount of the product to dry. slightly damp, or wet hair before 
and/or after the hair is arranged to a desired style. The composition is 
then dried or allowed to dry. By "effective amount" is meant an amount 
sufficient to provide the hair hold and style benefits desired considering 
20 the length and texture of the hair. In general, from about 0.5g to about 
30g of product will be applied to the hair, depending upon the particular 
product formulation, dispenser type, length of hair, and type of hair style. 

The following Experimentals and Examples further illustrate 
embodiments within the scope of the present invention. They are given 
25 solely for the purposes of illustration and are not to be construed as 
limitations of the present invention as many variations of the invention 
are possible without departing from Its spirit and scope. 

EXPERJMENTALS 
The following synthesis exemplify silicone grafted polymers useful 
30 in the present compositions. 

Experimental 1: Batch synthesis 
Place 20 parts acrylic acid, 60 parts t-butyl acrylate, and 20 parts 
polysiloxane (10,000 MW) -containing monomer in a flask. Add sufficient 
ethyl acetate or acetone as the reaction solvent to produce a final 
35 monomer concentration of 20%. Purge the vessel with an inert 
atmosphere, pr^erably nitrogen or argon. Add initiator, (2,2'-azobis-(2,4- 
dimethyivaieronitrile)) to a level appropriate for the desires molecular 
weight. Typically this is in the range of 0.5% to 1.0% by weight relative to 
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the amount of monomer. Purge the vessel with an inert atmosphere, 
preferably nitrogen or argon. Heat to 60°C and maintain this temperature 
for 48 hours while agitating. Terminate the reaction by cooling to room 
temperature. The polymer is purified by drying off the reaction solvent in 
5 an oven, or if acetone is used as the solvent precipitating the polymer, by 
adding water and th^ drying the precipitate. 

Experimental 2: Semi-continuous synthesis 
Place 20 parts acrylic acid, 60 parts t-butyl acrylate, and 30 parts 
polysiloxane (10,000 MW) -containing monomer in a flasl<. Add 300 

10 parts ethyl acetate or acetone as the reaction solvent to produce a final 
monomer concentration of 20%. Purge the vessel with an inert 
atmosphere, e.g. nitrogen or argon. Add initiator, (2,2'-azobis-(2,4- 
dimethylvaleronitrile)) as in Experimental 1. Heat to 60°C and maintain 
this temperature. After polymerization of these monomers has proceeded 

IS about 15 minutes to about 1 hour, e.g. about 30 minutes, add a second 
monomer charge of 20 parts acrylic acid and 60 parts t-butyl acrylate, to 
give a final total monomer charge of approximately 40% by weight. 
Maintain at temperature for 48 hours. Temninate the reaction and purify 
the polymer as in Experimental 1 . 

20 EXAMPLES 
Examples 1^ 

The following examples represent nonaerosol hairspray 
compositions of the present invention. 



Example No 



Component (wt. %) 


1 


2 


3 


4 


5 


6 


Silicone Grafted Polymer^ 


4.00 


4.00 


4.50 


4.50 


4.50 


4.50 


isododecane^ 


3.00 


3.00 


3.00 


3.00 


5.00 


5.00 


Acetyl triethyicttiate^ 


0.20 




0.22 








Diisopropyl butyl adipate 








0.22 


0.32 




Potassium hydroxide 


0.40 


0.40 


0.45 


0.45 


0.44 


0.44 


Perfume 


0.10 


0.10 


0.20 


0.20 


0.20 


0.20 


Water 


16.00 


16.10 


7.00 


7.00 


15.54 


15.86 


Ethanol* 


75.30 


75.50 


84.62 


84.63 


74.00 


74.00 



60% t-butyl acryiate/20% acrylic acid/20% silicone macromer (weight average 
molecular weight of silicone macromer of about 10,000), having a weight average 
molecular weight of about 150,000. 



wo 95/0451A 



FCT/US94/08031 



27 

2 PERMETHYL 99A, from Presperee, Inc.. South Plainfield. NJ, USA. 

3 CITROFLEX A-2. from Morflex, Inc., Greensboro, NC, USA. 
4sDA40(100%ethanol). 



5 Examples 7-10 

The following examples represent aerosol hairspray compositions 
of the present invention. 





Component 




Examole No. 




10 




-7. 






jya_ 




Silicone Grafted Polymer'' 


3.50 


3.50 


3.50 


3.50 




lsodoclecane2 


3.00 


3.00 


3.00 


3.00 




Acetyl triethyl citrateS 


0.18 


0.18 








Diisopropyl butyl adipate 








0.18 


15 


Potassium hydroxide 


0.33 


0.33 


0.33 


0.33 




Perfume 


0.10 


0.10 


0.10 


0.10 




Water 


5,00 


20.98 


5.00 


5.00 




Ethano|4 


64.89 


64.89 


65.07 


64.89 




PFopellant-lsobutane 


7.02 


7.02 


7.02 


7.02 


20 


Propeiiant-Hydrofiuorocarbon 152a 


15.98 




15.98 


15.98 



^ 60% t-butyl acrylate/20% acrylic acid/20% silicone macromer (weight 
average molecular weight of silicone macromer of about 10,000), having 
a weight average molecular weight of about 150,000. 
25 2 PERMETHYL 99A, from Presperse, Inc., South Plainfield, NJ, USA. 
3 CITROFLEX A-2, from Morflex, Inc., Greensboro, NC, USA. 
4sDA40(100%ethanol). 

In Examples 1-10, the compositions are prepared as described 
30 above, by first preparing a polymer premix with the ethanol, neutralizing 
the polymer with the potassium hydroxide (added as a 45% aqueous 
solution), then adding sequentially (as applicable) with mixing, water, 
isododecane, plasttcizer, and perfume. Propeilants for aerosol 
compositiOTis are charged to conventional aerosol containers after the 
35 remainder of the prepared composition has been added. 
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EXAMPLE 11 

A hair spray composition, of the present invention, vft^ich Is 
suitable for use in pump spray dispensers, is prepared as follows: 



Inoredient Weight % 

5 Ethanol, 200 proof 75.92% 

isopropanol 10.00% 

Silicone Grafter Polymer^ 3.00% 

KOH (45%)2 0.88% 

DRO Water3 7.00% 

10 Isododecane 3.00% 

Fluorad FC-1 09R (25%)4 0.20% 



1 60% t-butyl acrylate/20% acrylic acid/20% silicone macromer 
weight average mw=1 0,000, having a weight average molecular weight 
of about 690,000. 

IS 2 Potassium hydroxide solution, ccmtaining 45% potassium 
hydroxide and 55% water and minors, supplied by Fisher Scientific. 

3 Double reverse osmosis water 

4 Fluorad FC-109R supplied by 3M containing 25% potassium 
fluoFoalkyI carboxylates (an anionic fluorosurfactant), 12% propanol, 2% 

20 ethanol and 61 % water and minors. 

The hair spray fonnulation of Example II is prepared by preparing 
a premix of the resin in isopropanol. The isopropanol premix is added to 
the ethanol and then neutralized with the potassium hydroxide solution. 
Then, a premix of the fluorosurfactants and water is prepared and added 
25 to the neutralized premix. Isododecane is then added. Other adjuvants, 
such as fragrances, may then be added. A magnetic or air driven stin-er 
is used to mix the ingredients until the resin is dissolved. 

EXAIVIPLE 12 

A hair spray composition, of the present invention, which is 
30 suitable for use in pump spray dispensers, is prepared as follows: 



Ingredient Weight % 

Ethanol, 200 proof 84.45% 

Silicone Grafter Polymer"' 3,00% 

KOH (45%) 0.88% 

35 DRO Water 7.00% 

Isododecane 5.00% 

ZonylFSKR(47%)2 o.11% 
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1 60% t-butyl acrylate/20% acrylic acld/20% silicone macromer 
weight average mw=1 0,000, having a weight average molecular weight 
of about 690,000. 

2 Zonyl FSK^ containing 47% fluorosurfactants conforming to the 
5 formula RfCH2CH(OCOCH3)CH2N'^(CH3)2CH2C0.2 wherein 

R^F(CF2CF2)3-8 and 53% Acetic Acid and minors, having a zwitterionic 
character, supplied by DuPont. 

This composition is prepared as in Example 11. 

EXAMPLE 13 

10 A hair spray composition, of the present invention, which is 

suitable for use in pump spray dispensers, is prepared as follows: 



Ingredient Weight % 

Ethanol, 200 proof 76. 1 0% 

Isopropanol 10.40% 

15 Silicone Grafter Polymer^ 2.60% 

KOH(45%) 0.75% 

DRO Water 7.00% 

IsoparTMH (Exxon Chemlcal)2 3.00% 

Fluorad FC-120R (25%)3 o.10% 

20 Zonyl FSK (47%) 0.05% 



1 60% t-butyl acrylate y20% acrylic acld/20% silicone macromer 
weight average mw=1 0,000, having a weight average molecular weight 
of about 800,000. 

2 Isopar H is a Ci i _i 2 Isoparaffin 

25 3 Fluorad FC-I20R supplied by 3M, having an anionic character 
Stfid containing 25% mixed ammonium perfluoroalkyi sulfonates, 37.5% 
ethanol, and 37.5% water and minors. 

This composition is prepared as in Example 11, substituting Isopar 
H for Isododecane during processing. 
30 EXAMPLE 14 

A hair spray composition, of the present invention, which is 
suitable for use in pump spray dispensers, is prepared as follows: 



Ingredient Weight % 

Ethanol, 200 proof 75.86% 

Isopropanol 10.40% 

Silicone Grafted Polymer^ 2.60% 
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KOH (45%) 0.69% 

DRO Water 7.00% 

Isopar TM l (Exxon Chemical)2 3.00% 

Fluorad FC-120R (25%) , 0.40% 

5 Zonyl FSKR (47%) 0.05% 



1 60% t-butyl acrylate 720% acrylic acid/20% silicone macromer 
weiglit average mw=1 0,000, liaving a weiglit average molecular weighit 
of about 1,700,000. 

2 Isopar ™ L is a Ci i .i 3 Isoparaffin 

10 This composition is prepared as in Example 1 3. 

EXAMPLE 15 

A hair spray composition, of the present invention, which is 
suitable for use in pump spray dispensers, is prepared as follows: 



Inoredient Weight % 

IS Ethanol. 200 proof 86.55% 

Silicone Grafted Polymerl 2.60% 

KOH (45%) 0.75% 

DRO Water 7.00% 

Isopar 'TM M(Exxon Chemical)^ 3.00% 

20 Fluorad FC-1 35^ (50%)3 0. 1 0% 



1 60% t-butyl acrylate/20% acrylic acid/20% silicone macromer 
weight average mw=20,000, having a weight average molecular weight 
of about 800,000. 

2 Isopar TM M is a Ci 3.1 4 Isoparaffin 

25 3 Fluorad FC-135R supplied by 3M. having anionic character and 
containing 25% mixed ammonium perfluoroali^i sulfonates, 37.5% 
ethanol and 37.5% water and minors. 

This composition is prepared as In Example 13. 
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What is claimed is: 

1. A Hair styling composition characterized in that it comprises: 

(a) from 0.1% to 15%, by weight, of a silicone grafted adhesive polymer, 
said polymer being characterized by an organic polymeric backbone 
having silicone macromers grafted to said backbone; 

(b) from 0.5% to 15%, by weight, of a hydrocarbon solvent selected from 
the group consisting of C10-C14 branched chain hydrocarbons, and 
mixtures thereof having a boiling point of from 105°C to 260°C; 

(c) a polar solvent phase comprising from 80% to 98.9%, by weight of the 
composition, of a polar solvent selected from the group consisting of 
water and C2-C3 monohydric alcohols, and mixtures thereof, wherein 
said composition contains no more than 15%, by weight, of C3 
monohydric alcohol; 

wherein said organic polymer backbone is soluble in said polar solvent phase, and 
said silicone macromers of said hair setting polymer are soluble in said 
hydrocarbon solvent and insoluble in said polar solvent. 

2. A hair styling composition as in Claim 1, wherein said composition 
comprises: 

(a) from 0.5% to 8%, by weight, of said silicone grafted polymer; 

(b) from 1% to 10%, by weight, of said hydrocarbon solvent; 

(c) from 85% to 98%, by weight, of said polar solvent, wherein said 
composition contains no more than 12%, by weight, of C3 monohydric 
alcohol. 

3. A hair styling composition as in Claim 1, wherein said composition 
c(»nprises: 

(a) from 1 % to 8%, by weight, of said silicone grafted polymer; 

(b) from 2% to 8%, by weight, of said hydrocarbon solvent; 

(c) from 80% to 98.9%, by weight, of said polar solvent, wherein said 
composition contains no more than 12%, by weight, of C3 monohydric 
alcohol and said composition contains at least 10%, by weight, of 
water and no more than 80%, by weight, of volatile organic 
compounds. 

4. A hair styling composition as in Claim 1, 2. or 3, wherein said silicone 
grafted polymer comprises from 50% to 99%, preferably from 75% to 95%, by 
weight, of non-silicone macromer-containing monomer units and from 1% to 50%, 
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preferably from 29% to 26%, by weight of silicone macromer-containing monomer 
units. 

5. A hair styling composition as in Claim 4, wherein said silicone grafted 
polymer comprises from 1% to 99%, preferably from 15% to 40%, by weight, of 
hydrophilic monomer units and from 0% to 99%, preferably from 15% to 80%, by 
weight, of hydrophobic monomer units. 

6. A hair styling composition as in Claim 5, wherein said hydrophilic 
monomer units are selected from the group consisting of acrylic add, N,N-dimethyl 
acrylamide, dimethylaminoethyl methacrylate, quatemlzed dimethyl aminoethyl 
methacrylate, vinyl pynroiidone, salts of acids and amines thereof, and mixtures 
thereof. 

7. A hair styling composition as in Claim 6, wherein said hydrophobic 
monomer units are selected from the group consisting of n-butyl methacrylate, 
Isobutyl methacrylate, t-butyl acrylate, t-butyl methacrylate, 2-ethylhexyl 
methacrylate, methyl methacrylate, and mixtures thereof, preferably selected firom 
the group consisting of t-butyl acrylate, t-butyl methacrylate, and mixtures thereof. 

8. A hair styling composition as in Claim 1, 2, 3, 4, 5, 6, or 7, wherein said 
hydrocarbon solvent is selected from the group consisting of saturated C11-C13 
branched chain hydrocarbons, preferably Isododecane. 

9. A hair styling composition as in Claim 1, 2, 3, 4, 5, 6, 7, or 8, wherein said 
composition further comprises a plasticlzer selected from the group consisting of 
acetyl tri-C2-C8alkyl citrates, and mixtures thereof, preferably acetyl triethyl citrate. 

10. A hair spray composition comprising a composition as in Claim 1, 2. 3, 4, 
5, 6, 7, 8, Or 9, disposed within a hair spray dispenser. 
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HAIR COSMETIC COMPOSITIONS 



Technical Field 

The present invention relates to hair cosmetic compositions. More 
particularly, this invention relates to liquid hair cosmetic compositions 
containing silicone-grafted hair styling polymers having improved long 
term product stability, hair feel attributes and ease of removal and brush 
out as well as excellent style retention properties. 

Background Of The Invention 

The desire to have the hair retain a particular shape is widely held. A 
common methodology for accomplishing this is applying hair styling, or 
"setting" compositions to the hair, typically to damp or dry hair. These 
compositions provide temporary setting benefits, and should be removable 
by water and/or by shampooing. The materials used m the compositions 
to provide the setting benefits are generally applied in the form of 
mousses, gels, lotions or sprays. 

High levels of style retention, or hold, are typically expected from hair 
styling compositions applied as a spray. Style retention is typically 
achieved by the use of resins, such as AMPHOMER, supplied by 
National Starch, and GANTREZ SP 225, supplied by GAF. As used in 
commercially sold hairspray products, these resins generally have a 
weight average molecular weight of from about 40,000 to about 150,000. 
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When such resins are incorporated into pump and aerosol hairsprays, they 
can provide suitable style retention attributes. However, such resins are 
found to be deficient in the area of hair feel and can give a stiff hair feel. 

Recently, it has been found that certain neutralisable polymers having 
silicone macromer portions can provide good style retention benefits to 
the hair while also providing improved hair feel. In other words, such 
silicone macromer-containing polymers can impart a tactile sense of 
softness and conditioning to the hair relative to conventional, non- 
silicone-containing resins without the tacky hair feel traditionally 
associated with non-silicone hair fixative polymers. Silicone macromer- 
containing hair styling polymers and formulations containing them are 
disclosed, for example, in EP-A-0,408,311 A2 issued January 11th 1991, 
Hayaraa, et al., US-A-5,061,481, issued October 29th 1991, Suzuki et 
al., US-A-5,106,609, Bolich etal., issued April 21st 1992, US-A- 
5,100,658, Bolich et al., issued March 31st 1992, US-A-5, 100,657, 
Ansher-Jackson, et al., issued March 31st 1992 and US-A-5, 104,646, 
Bolich et al., issued April 14th 1992. 

It is well known that at least partial neutralisation of the silicone 
macromer-containing hair styling polymer is necessary to maximise its 
utility in hair styling compositions. Typically, silicone grafted co- 
polymers neutralised with potassium hydroxide exhibit good solubility in 
hairspray compositions containing 15% water. However, potassium 
hydroxide neutralised systems are less soluble in compositions which 
contain lower levels of water and lead to hazy, colloidal systems. 
Moreover, silicone grafted co-polymers which are neutralised with 
organic neutralisers are found to lead to a somewhat tacky hair feel and 
are not easily removed from the hair by washing or brush-out. 

Thus a need exists for hair styling compositions which have a clear 
appearance, deliver effective style retention, impart a hair conditioning 
effect, have a non-sticky hair feel, are easily brushed out and at the same 
time have stable product and viscosity characteristics and remain fiilly 
stable under long term and stressed temperature storage. 



Summary pf thg Inv^ptlon 
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According to one aspect of the invention, there is provided a liquid hair 

cosmetic composition comprising: - 

(a) from about 0. 1 % by weight to about 10% by weight (acid basis) of 
a silicone-containing polycarboxylic acid copolymer having a vinyl 
polymeric backbone, and having grafted to the backbone a silicone- 
contaning macromer having a weight average molecular weight of 
from about 1,000 to about 50,000; 

(b) a neutralising system consisting essentially of sodium hydroxide 
present at a level sufGcient to neutralise at least about 25% of the 
acid groups on the silicone-containing copolymer; 

(c) from 0% to about 1.0% by weight of water; and 

(d) the balance comprising a carrier suitable for application to hair. 

The essential, as well as the optional, components of the present invention 
are described below. All levels and ratios are on a weight basis unless 
otherwise specified. 

The compositions of the present invention contain from about 0. 1 % to 
about 10.0%, preferably from about 0.5% to about 8.0% and especially 
from about 1% to about 6% of specifically defined silicone-containing 
copolymers. It is these polymers which provide the unique hair 
conditioning and hair setting characteristics of the present invention. The 
polymers preferably have a weight average molecular weight of from 
about 10,000 to about 1,000,000, preferably from about 30,000 to about 
300,000, most preferably from about 90,000 to about 300,000 and, 
preferably, have a Tg of at least about -lO^C. As used herein, the 
abbreviation "Tg" refers to the glass transition temperature of the non- 
silicone backbone, and the abbreviation "Tm" refers to the crystalline 
melting point of the non-silicone backbone, if such a transition exists for a 
given polymer. 
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The molecular weights and molecular weight distributions of the polymers 
utilised in the compositions according to the present invention are 
determined by Size Exclusion Chromatography (SEC). In practise, 
polymers comprise a distribution of molecular weight species that gives 
rise to their unique properties. Separation of the molecules is 
accomplished by Size Exclusion Chromatography (SEC) using a 
crosslinked polystyrene -divinylbenzene colunm (MW range = 100 - 10*7) 
with a differential refractive mdex detector and a differential viscometer. 
A universal calibrationn curve is prepared from monodispersed 
polystyrene standards of known molecular weight (MW) and molecular 
weight distribution (MWD). MW and MWD of the given polymer are 
determined based on concentration and viscosity responses relative to the 
calibration. 

Preferred polymers comprise a vinyl polymeric backbone, preferably 
having a Tg above about -lO^C and, grafted to the backbone, a silicone- 
containing macromer having a weight average molecular weight of from 
about 1,000 to about 50,000, preferably from about 5,000 to about 
40,000, most preferably from about 10,000 to about 20,000. The 
polymer is such that when it is formulated into the finished hair care 
composition, when dried, the polymer phase separates into a 
discontinuous phase which includes the silicone containing macromer and 
a continuous phase which includes the backbone. It is believed that this 
phase separation property provides a specific orientation of the polymer 
on hair which results in the desired hair conditioning and setting benefits. 

In its broadest aspect, the copolymer utilized in the present application 
comprise a silicone-containing monomer (hereafter identified as Q 
together with a hydrophilic carboxylate-containing monomer (B) and 

optionally a lipophilic monomer (A). 

Examples of useful copolymers and their preparation are described in 
detail m US-A-4,693,935, Mazurek, issued September 15th 1987, and 
US-A-4,728,571, Clemens et al., issued March 1st 1988. These 
copolymers comprise monomers A,B and C as defined above. In 
preferred embodiments, A comprises at least one free radically 
polymerizable vinyl monomer or monomers and B comprises at least one 
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reinforcing monomer copolymerizable with A and selected from the group 
consisting of carboxylate-containing monomers and macromers having a 
Tg or a Tm above about -20°C. B can be up to about 98%, preferably up 
to about 80%, more preferably up to about 30%, of the total monomers in 
the copolymer. Monomer C comprises from about 0.1 % to about 50.0% 
of the total monomers in the copolymer. 

Representative examples of A (hydrophobic) monomers are the acrylic or 
methacrylic acid esters of Ci-Cig alcohols, such as methanol, ethanol, 
methoxy ethanol, l-propanol, 2-propanol, 1-butanol, 2-methyl-l-propanol, 
1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-l-butanol, l-methyl-l- 
butanol, 3-methyl-l-butanol, 1-methyl-l-pentanol, 2-methyl- 1-pentanol, 3- 
methyl- 1-pentanol, t-butanol (2-methyl-l-propanol), cyclohexanol, 
neodecanol, 2-ethyl- 1-butanol, 3-heptanol, benzyl alcohol, 2-octanol, 6- 
methyl-l-heptanol, 2-ethyl-l-hexanoI, 3.5-dimethyl-l-hexanol, 3,5,5-tri- 
methyl-l-hexanol, 1-decanol, 1-dodecanol, 1-hexadecanol, 1-octadecanol, 
and the like, the alcohols having from about 1-18 carbon atoms with the 
average number of carbon atoms bemg from about 4-12; styrene; 
polystyrene macromer; vinyl acetate; vinyl chloride; vinylidene chloride; 
vinyl propionate; alpha-methylstyrene; t-butylstyrene; butadiene; 
cyclohexadiene; ethylene; propylene; vinyl toluene; and mixtures thereof. 
Preferred A monomers include n-butyl methacrylate, isobutyl 
methacrylate, 2-ethylhexyl methacrylate, methyl methacrylate, t- 
butylacrylate, t-butylmetfaacrylate, and mixtures thereof. 

Rqpresentative examples of B (hydrophilic) neutralisable monomers 
containing a carboxyl moiety include acrylic acid, methacrylic acid, 
maleic acid, maleic anhydride, half esters of maleic anhydride, crotonic 
acid, and itaconic acid. Preferred B monomers include acrylic acid and 
methacrylic acid and mixtures thereof. 

The C monomer preferably has the general formula (I): 

X{Y)nSi(R)3_^Z„ (I) 

wherein X is a vinyl group copolymerizable with the A and B monomers; 
Y is a divalent linking group; R is hydrogen, C1-C4 alkyl, aryl, alkyl 
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amino, tri(Ci-C4 alkyl)siloxy or C1-C4 alkoxy; Z is a monovalent 
siloxane polymeric moiety; n is 0 or 1; and m is an integer from 1 to 3. 
C has a number average molecular weight of, at least 500, preferably 
from 1,000 to 50,000. Preferably, the C monomer is selected from one 
or more monomers having the general formulae (II to VII): 



X-C-O- (CH2 ) q- (0) p-Si (r4 ) 3_nZj„ ( n ) 



X-Si(R4)3_„Z„ (III) 
X-\0/ -<^2)q-CO)p-Si<»*)3^2„ (IV) 



X-C-O- (CH2)2-N-C-N-<Ql) -Si(R^) 3_„Z„ (V) 

0 OH R' • 

1 I I 

X-C-0-CH2-CH-CH2-H-(CH2)q-Si(R*)3_^Zn (VI) 
O H O R' • 

II III 

X-C-O- (CH2) 2-N-C-N- (CH2) q-Si (R*) a^j^Zj^ (^11) 



In these structures, m is 1, 2 or 3 (preferably m =» 1); p is 0 or 1; R" is 
aUcyl or hydrogen; q is an integer from 2 to 6; X is 
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CH= C 



(VIII) 



!2 



r1 is hydrogen or -COOH (preferably R1 is hydrogen); is hydrogen, 
methyl or -CH2COOH (preferably r2 is methyl); Z is 



r4 is alkyl, alkoxy, alkylamino, aryl, or hydroxyl (preferably r4 is 
alkyl); and r is an integer from 5 to 700, preferably from 50 to 500, more 
preferably from 150 to 300. Of the above, formula n is preferred, 
particularly when p = 0 and q = 3. 

The polymers utilized herein generally comprise from 0% to about 98% 
(preferably from about 5% to about 92%, more preferably from about 
50% to about 90%) of monomer A, from about 1% to about 98% 
(preferably from about 7.5% to about 80%) of monomer B, and from 
about 0.1 % to about 50% (preferably from about 0.5% to about 40%, 
most preferably from about 2% to about 25%) of monomer C. The 
combination of the A and B monomers preferably comprises from about 
50.0% to about 99.9% (more preferably about 60% to about 99.5%, most 
preferably from about 75% to about 98%) of the polymer. 

Preferred silicone-containing copolymers for use herein are selected from: 

acrylic acid/n-butylmethacrylate/polydimethylsiloxane (PDMS) 
macromer-20,000 molecular weight (mw) (10/70/20 w/w/w) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(20/60/20 w/w/w) 




(IX) 



acrylic acid/PDMS macromer - 20,000 mw (80/20 w/w) 
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t-butylacrylate(tBA)/acrylic acid(AA)/PDMS macromer - 10,000 mw 
(60/20/20) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(10/70/20); 

acrylic acid/methyl methacrylate/PDMS macromer - 20,000 mw 
(40/40/20); 

acrylic acid/isopropyl methacrylate/PDMS macromer - 20,000 mw 
(25/65/15); 

acrylic acid/methoxyethyl methacrylate/PDMS macromer 20,(XX) mw 

(60/25/15); 

acrylic acid/PDMS macromer - 20,000 mw (80/20); 
and mixtures thereof. 

The silicone-containing copolymers described above can be synthesized 
by free radical polymerization of silicone- or polysiloxane-containing 
monomers with non-silicone- or non-polysiloxane-containing monomers. 
The general principles of free radical polymerization methods are well 
understood. See, for example, Odian, "Principles of Polymerization", 2nd 
edition, John Wiley & Sons, 1981, pp. 179 - 318. 

In compositions according to the invention it can be desirable to purify the 
silicone containing copolymer by removing unreacted silicone-containing 
monomer and silicone macromer-grafted polymer with viscosities at 25**C 
of about 10,000,000 centistokes and less. This can be done, for example, 
by hexane extraction. After drying the resin from its reaction solvent, 
hexane extraction of the reaction product can be performed by adding an 
excess of hexane to the reaction product and heating to near the Tg of the 
non-silicone portion of the polymer. The mixture is held at this 
temperature with stirring for about 30 minutes and cooled to room 
temperature. The hexane is removed by vacuum suction. Two more 
hexane extraction cycles are preferably conducted in the same manner as 
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above. After the third cycle, residual hexane remaining with the product 
is removed by distillation and vacuum drying. 

Low molecular weight polysiloxane-containing monomer and polymer is 
solubilized by supercritical carbon dioxide and transported away from the 
remaining polymer via a transfer line, which is maintained at identical 
temperature and pressure as the extraction vessel. The extracted 
materials are collected in an extraction vessel. Following extraction, the 
system is depressurised and dry, extracted polymer is recovered from the 
extraction vessel. 

The hair styling polymers herein are utilised in at least partially 
neutralised form in order to aid shampoo removability of the liquid hair 
cosmetic compositions. The present development relates to the 
neutralisation of a hair fixative polymer (eg silicone grafted tBA/AA 
copolymer) with a neutralisation system consisting essentially of a specific 
inorganic base, namely sodium hydroxide, in anhydrous or essentially 
anhydrous aerosol and non-aerosol hairsprays and other hair cosmetic 
products. In particular the present development relates to improving the 
clarity, long term storage stability, hair feel attributes and ease of removal 
characteristics of hairspray and other hair cosmetic products containing 
no or very low levels of water, approximately 0 - 1 %, preferably 0 - 
0.7% water, by neutralisation of the hair fixative polymer with a 
neutralisation system comprising at least 80%, preferably at least 95% 
and more preferably at least 99% by weight of the neutralisation system 
of sodium hydroxide. While the neutralisation system can be used in 
excess of the polymer (for example up to 15% excess on an equivalent 
basis) so as to result effectively in 100% neutralisation of the polymer, 
nevertheless in preferred compositions, a total of from about 25% to 
about 95%, preferably from about 40% to about 90%, more preferably 
from about 55% to about 85%, and especially from about 65% to about 
80% of the acidic monomers of the polymer are neutralised. 

The amount in grams of inorganic base (Z) required to neutralise a 
polymer can be deduced from calculations which take into account the 
acid value of the polymer (A); amount of polymer (W); mol wt of the 
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base (B);-mol wt of the acidic moiety (M) and the degree of neutralisation 
required (N). 

Z (g) = W X A/100 X 1/M X B X N% 

In the following example the amount of NaOH required to neutralise 2.6g 
of acrylic acid co-polymer (with acid value of 20) to a level of 77% 
neutralisation is calculated. 

Z(g) = 2.6 X 20/100 X 1/72 x 40 x 0.77 

Z = 0.222 g 

Note the acid value can be experimentally determined by titrating a 
specific amount of the polymer with base or theoretically by considering 
the original acidic content of the co-polymer i.e. a polymer with 20% of 
acid monomer has an acid value of 20. 

As described earlier herein, use of the herein defined neutralising system 
for at least partial neutralisation of the silicone grafted copolymer leads to 
anhydrous or essentially anhydrous liquid hair cosmetic compositions of 
improved clarity and long term storage stability. Product clarity can be 
measured using a visible range spectrophotometer. Using this equipment 
the percent transmittance of the sample at 450 nm is measured by 
calibration against a reference sample of Ethanol BlOO as 100% 
transmittance. Typical transmittance values for opaque systems 
neutralised with potassium hydroxide neutraliser can be as low as from 1 
to 5% . In contrast, the compositions of the invention typically display 
percent transmittance values greater than 80% when first made, preferred 
compositions herein displaying 80% transmittance values after storage for 
at least four weeks at 45 C. 

The liquid hair cosmetic compositions of the present invention also 
include a carrier. This can comprise any of those conventionally used in 
resin hairspray formulations inclusive of solvents, propellants and other 
optional ingredients of liquid hair cosmetics. The carrier is generally 
present in the liquid hair cosmetic compositions at from about 70% to 
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about 99.%%, preferably from about 78% to about 99% by weight. More 
preferably, the carrier is present at from about 80% to about 98% by 
weight of the total composition. 

Organic solvents suitable for use in the carrier of the present compositions 
include C1-C5 alkanols and ethers, carbitol, acetone and mixtures thereof. 
C1-C6 alkanols preferred for use in the present compositions are C2-C4 
monohydric alcohols such as ethanol, isopropanol and mixtures thereof. 
Dimethoxymethane is also a highly preferred solvent. 

The performance of the liqaid hair cosmetic compositions according to the 
invention can be improved through the optional incorporation of a 
nonvolatile plasticizer into the composition. The plasticizer will generally 
be present in the compositions at up to a level of 25%, preferable from 
1 % to 20%, more preferably from 1 % to 15%. As used herein, 
"nonvolatile" in regard to plasticizers means that the plasticizer exhibits 
essentially no vapour pressure at atmospheric pressure and 25*0. The 
polymer-liquid vehicle solution should not suffer from substantial 
plasticizer weight loss while the hair cosmetic carrier is evaporating, 
since this may excessively reduce plasticization of the polymer during 
use. The plasticizers for use herem should generally have boiling points 
of about 250"C or higher. 

Plasticizers are well known in the art and are generally described in Kirk- 
Othmer Encycl opedia of Chemical Technology . second edition, Volume 
15, pp. 720-789 (John Wiley & Sons, Inc. New York, 1968) under the 
topic heading "Plasticizers", and by J. Kern Sears and J. R. Darby in the 
text The Technology of Plasticizers (John Wiley & Sons, Inc., New York, 
1982). See especially in the Appendix of Sears/Darby Table A.9 at pages 
983-1063 where a wide variety of plasticizers are disclosed. 

Plasticizers suitable for use in compositions of the present invention 
mclude both cyclic and acyclic nonvolatile materials. Suitable categories 
of nonvolatile plasticizers include adipates, phthalates, isophthalates, 
azelates, stearates, citrates, trimellitates, silicone copolyols, iso C14-C22 
alcohols, methyl alkyl silicones, carbonates, sebacates, isobutyrates, 
oleates, phosphates, myristates, ricinoleates, pelargonates, valerates. 
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camphor,- glycols, amine derivatives, selected short chain alcohols and 
castor oil. 

Particularily preferred plasticizers for use herein include glycol and 
citrate based plasticizers such as propylene glycol, dipropylene glycol , 
acetyl tri-n-butyl citrate, triethylcitrate, tri-n-butyl and acetyl tri-2- 
ethoxyhexyl citrate (as supplied by Pfizer under the trade name Citroflex 
(RTM) and also glycerin, amino methyl propanol (AMP), 
diisobutyladipate (DIBA) and isopropanol. 

The present compositions can be formulated as hairsprays in aerosol or 
non-aerosol forms. If an aerosol hairspray is desired, a propellant must 
be included in the composition. This agent is responsible for expelling 
the other materials from the container and forming the hairspray 
character. 

The propellant gas can be any liquefiable gas conventionally used for 
aerosol containers. Preferably the density of the propellant or mixture 
thereof is less than 1 so that pure propellant is not emitted from the 
container. Examples of materials that are suitable for use as propellants 
are trichlorofluoromethane, dichlorodifluoromethane, 
dichlorotetrafluoroethane, monochlorodifluoromethane, 
trichlorotrifluorethane, dimethylether e.g Dimel 152A (RTM) supplied by 
Du Pont, propane, n-butane, isobutane, used singly or admixed and 
propane butane e.g CAP 80 (RTM). Dimel 152A (RTM) and propane 
butane are preferred. 

The amount of the propellant gas is governed by normal factors well 
known in the aerosol art. For hairsprays the level of propellant is 
generally from about 10% to about 40%, preferably from about 20% to 
about 30%, of the total composition. If a propellant such as dimethylether 
utilizes vapor pressure suppressant (e.g., trichloroethane or 
dichloromethane) the amount of suppressant is included as part of the 
propellant. 

The hair spray compositions of the present invention can be made using 
conventional formulation and mixing techniques. Compositions of the 
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present invention can be made by adding the polymer to ethanol and 
mixing for several hours until dissolved. Plasticizer and neutralising 
ingredients are then added and the resulting solution is stirred. Any 
remaining ingredients such as water, ethanol and periume can then be 
added. 

Methods of making the hair cosmetic compositions of the present 
invention are described more specifically in the examples. 

Alternatively, pressurised aerosol dispensers can be used where the 
propellant is separated from contact with the hairspray composition by use 
of specialised containers such as a two compartment can of the type sold 
under the tradename SEPRO from Americal National Can Corp. 

Other suitable aerosol dispensers are those characterized by the propellant 
being compressed air which can be filled into the dispenser by means of a 
pump or equivalent device prior to use. Such dispensers are described in 
US-A-4,077,441, March 7th 1978, Olofeson and US-A-4,850,577, July 
25th 1989, TerStege. Compressed air aerosol containers suitable for use 
are also currently marketed by The Procter & Gamble Company under 
their tradename VIDAL SASSOON AIRSPRAY (RTM) hairspfays. 

Conventional non-aerosol pump spray dispensers, i.e., atomizers, can 
also be used. 

The liquid hair cosmetic compositions of the present invention can also 
contain a variety of non-essential, optional components such as 
preservatives, surfactants, block polymers, thickeners and viscosity 
modifiers, electrolytes, fatty alcohols, pH adjusting agents, spreading 
agents, perfume oils, perfume solubilizing agents, sequestering agents; 
emollients; lubricants and penetrants such as various lanolin components; 
protein hydrolysates and other protein derivatives; ethylene adducts and 
polyoxyethylene cholesterol; sunscreens and volatile and non-volatile 
silicone fluids. Such conventional optional ingredients are well known to 
a person skilled in the art, e.g. surfactants such as anionics (e.g., sodium 
alkyl sulphates, nonionics (amine oxides) ; amphoterics (aliphatic 
secondary or tertiary amine derivatives) zwitterionics (aliphatic 
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quaternary ammonium; phosphonium or sulphonium derivatives) and 
fluorinated surfactants (e.g. Zonyl FSK) (RTM); thickeners and viscosity 
modifiers such as diethanolamides of long chain fatty acids; block 
polymers of ethylene oxide and propylene oxide such as Pluronic (RTM) 
F88 offered by BASF Wyandotte; fatty alcohols such as cetearyl alcohol; 
viscosity modifiers such as sodium chloride, sodium sulphate, and ethyl 
alcohol; electrolyte such as earth and alkaline-earth metal salts; 
quaternary ammonium ions and cationic amines and halogen ions; pH 
adjusting agents such as citric acid, succinic acid, sodium hydroxide and 
triethanolamine; spreadmg agents such as isododecane, perfume oils such 
as Florasynth (RTM) perfumes; perfume oil solubilizers such as 
polyethylene glycol fatty acid esters and sequestering agents such as 
ethylenediamine tetraacetic acid. Each of these optional materials can be 
present at a level of from about 0.05% to about 5%, preferably from 
about 0.1% to about 3% by weight of composition. 

The liquid hair cosmetic compositions of the present invention are used in 
conventional ways to provide the hair styling/holding benefits of the 
present mvention. Such method generally involves spraying an effective 
amount of the product to dry or damp hair before or after the hair is 
styled, or both. By "effective amount" is meant an amount sufficient to 
provide the hair volume and style benefits desired considering the length 
and texture of the hair. 

The invention is illustrated by the following non-limiting examples. 

In the examples, all concentrations are on a 100% active basis, unless 
otherwise stated and the abbreviations have the following designation: 

Hair Stylmg Polymer - 60% t-butyl aery late/20% acrylic acid/20% 
silicone PDMS. Weight average molecular 
weight (measured by SEC) of 150,000. 

NaOH - Sodium hydroxide solution, containing 45% 

sodium hydroxide and 55% water. 
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Solvent * - Ethanol 

Examples I-VI 

The following are liquid hair cosmetic compositions in the form of 
hairspray compositions suitable for pump spray dispensers and which are 
representative of the present invention: 



I 

Hair Styling Polymer 3.0 
% poly NaOH neutralised 82 
Balance 



n in IV V VI 
2.0 4.0 6.0 2.0 5.0 
70 75 80 85 75 
to 100 percent with ethanol 



The balance contains ethanol and optional ingredients such as plasticizer 
(preferably DIB A), perfume and surfactants. 

The hairspray formulations are prepared by adding the polymer directly 
to the ethanol. A magnetic or air driven stirrer is used to mix the 
ingredients until the polymer is dissolved, typically about 1 to 2 hours. 
The neutralizing agent is then added and mixed into the premix. Then, 
the optional ingredients, as may be applicable, are mixed into the 
composition. 

The above compositions provide effective style retention, deliver a hair 
conditioniqg effect and have excellent long term clarity and a non-tacky 
hair feel. 

Examples VII-XII 

The following are liquid hair cosmetic compositions in the form of 
hairspray concentrate conq)ositions suitable for aerosol dispensers and 
which are representative of the present invention: 



vn vffl IX X XI xn 
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Hair Styling Polymer 4.0 2.0 5.0 6.0 3.0 7.0 
% poly NaOH neutralised 70 78 85 78 80 75 
Balance to 100 percent with solvent 

As in examples I to VI the balance is ethanol and optional ingredients 
such as plasticizer (preferably DIBA), perfiime and surfactants. The 
above compositions are prepared as in Examples I-VI. The concentrates 
are packaged in conventional aerosol spray cans and are charged with a 
conventional liquifiable propellant such as CAP 80 (RTM) at a 
propellant:concentrate weight ratio of 23 :77 . 

The above compositions have excellent clarity and stabii. . characterisitcs 
and when applied to the hair, provide good hair styling and conditioning 
benefits as well as a non-tacky hair feel and improved ease of removal. 
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WBAT IS (AAIMED IS: 

1. A liquid hair cosmetic composition comprising:- 

(a) from about 0.1 % by weight to about 10% by weight (acid 
basis) of a silicone-containing polycarboxylic acid copolymer 
having a vinyl polymeric backbone, and having grafted to the 
backbone a silicone-contaning macromer having a weight 
average molecular weight of from about 1,000 to about 
50,000; 

(b) a neutralising system consisting essentially of sodium 
hydroxide present at a level sufficient to neutralise at least 
about 25% of the acid groups on the silicone-containing 
copolymer; 

(c) from 0% to about 1 .0% by weight of water; and 

(d) the balance comprising a carrier suitable for application to 
hair. 

2. A liquid hair cosmetic composition according to Claim 1 wherein 
the silicone-containing macromer has the general formula (J): 

X(Y)nSi(R)3_A (I) 

wherein X is a vinyl group; Y is a divalent linking group; R is 
hydrogen, alkyl, aryl, alkylamino, trialkylsiloxy or alkoxy; Z is a 
monovalent siloxane polymeric moiety having a number average 
molecular weight of at least about 500; n is 0 or 1; and m is an 
integer from 1 to 3. 

3. A liquid hair cosmetic composition according to Claim 1 or 2 
wherein the silicone-containing copolymer has a weight average 
molecular weight of from 10,000 to 1,000,000 comprising a 
hydrophilic carboxylate containing monomer (B), optionally a 
lipophilic, low polarity, free-radically polymerizable vinyl 
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monomer (A) which is copolymerizable with B, and a silicone- 
containing macromer (C) having a weight average molecular weight 
of from 1,000 to 50,000, preferably from 5,000 to 40,000, based 
on polydimethylsiloxane and wherein the macromer (C) is selected 
from one or more monomers having the general formulae (II - VII): 



X-C-O- (CH2) q- (0) p-Si (r4) 3_j„Z^ (H) 
X-Si(R*)3-m2in (III) 

^~^^^} " f ^2) q-(0) p-Si (R*) 3^Z^ (IV) 

^ HOr.. 

11 I II I ^ 

X-C-0-(CH2)2-N-C-N-<^Q^ -Si(R4)3_^Z„ <V) 

O OH R' • 

II I I 

X-C-0-CH2-Ca!-CH2-N-(CH2)q-Si(R*)3_^Zj, (^1) 
0 HOR" 

II I IN 

X-C-O- (CH2 ) 2-N-C-N- (CH2 ) q-Si (R*) 3_jbZ„ (VH) 

wherein m is 1, 2 or 3; p is 0 or 1; R" is alkyl or hydrogen; q is an 
integer from 2 to 6; Xis 
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CH= C (VIII) 



r1 is hydrogen or -COOH; r2 is hydrogen, methyl or - 
CH2COOH; Z is 

, I ' 

R^-(-Si-0-)r (IX) 
CH3 

r4 is alkyl, alkoxy, alkylamino, aryl or hydroxyl; and r is an 
integer from 5 to 700; and wherein the silicone-containing 
copolymer comprises from 0% to 98% monomer A, from 1% to 
98% monomer B, and from 0.1% to 50% monomer C. 

4. A liquid hair cosmetic composition according to any of Claims 1 to 

3 wherein the silicone-containing copolymer comprises from 5% to 
92% by weight monomer A, from 7.5% to 80% by weight 
monomer B, and from 0.1% to 50% monomer C. 

5. A liquid hair cosmetic composition according to any of Claims 1 to 

4 wherein monomer A is selected from acrylic acid esters of Ci- 
C18 alcohols, methacrylic acid esters of C1-C18 alcohols, styrene, 
polystyrene macromer, vinyl acetate, vinyl chloride, vmyl 
propionate, vinylidene chloride, alpha-methylstyrene, t- 
butylstyrene, butadiene, cyclohexadiene, ethylene propylene, vinyl 
toluene, and mixtures thereof; and is preferably selected from n- 
butylmethacrylate, isobutylmethacrylate, 2-ethylhexylmethacrylate, 
methylmethacrylate, t-butylacrylate, t-butylmethacrylate, and 
mixtures thereof. 

6. A liquid hair cosmetic con^osition according to any of Claims 1 to 

5 wherein monomer B is selected froin acrylic acid, methacrylic 
acid, maleic acid, maleic anhydride, half esters of maleic 
anhydride, crotonic acid, itaconic acid and mixtures thereof; and is 
preferably selected from acrylic acid and methacrylic acid and 
mixtures thereof. 
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7. A liquid hair cosmetic composition according to any of Claims 3 to 

6 wherein the silicone containing macromer has the general formula v 
(II) in which p = 0 and q = 3, m is 1, r4 is alkyl, r1 is hydrogen 

and r2 is methyl. * 

8. A liquid hair cosmetic composition accordmg to any of Claims 1 to 

7 wherein the silicone-containing copolymer is selected from: 

acrylic acid/n-butylmethacrylate/polydimethylsiloxane (PDMS) 
macromer - 20,000 molecular weight (mw) (10/70/20); 
acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(20/60/20 w/w/w) 

acrylic acid/PDMS macromer - 20,000 mw (80/20 w/w) 
t-butylacrylate(tBA)/acrylic acid(AA)/PDMS macromer - 10,000 
mw (60/20/20) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(10/70/20); 

acrylic acid/methyl methacrylate/PDMS macromer - 20,000 mw 
(40/40/20); 

acrylic acid/isopropyl methacrylate/PDMS macromer - 20,000 mw 
(25/65/15); 

acrylic acid/methoxyethyl methacrylate/PDMS macromer 20,000 
mw (60/25/15); 

acrylic acid/PDMS macromer - 20,000 mw (80/20); 
and mixtures thereof. 

9. A liquid hair cosmetic composition according to any of Claims 1 to 

8 wherein the silicone-containing copolymer is neutralised to a level 
of from about 40% to about 90%, preferably from about 55% to 

about 85 % , more preferably from about 65 % to about 80% with » 
sodium hydroxide. 

10 A liquid hair cosmetic composition according to any of Claims 1 to 

9 containmg less than 0.7% by weight water. 
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11. A Kquid hair cosmetic product comprising a hairspray composition 
and spray dispenser means for containing and spraying the 
hairspray composition, and wherein the hairspray composition 
comprises: 

(a) from about 0. 1 % by weight to about 10% by weight (acid 
basis) of a silicone-containing polycarboxylic acid copolymer 
having a vinyl polymeric backbone, and having graftied to the 
backbone a silicone-containing macromer having a weight 
average molecular weight of from about 1,000 to about 
50,000; 

(b) a neutralising system consisting essentially of sodium 
hydroxide present at a level sufficient to neutralise at least 
about 25% of flie acid groups on the silicone-containing 
copolymer; 

(c) from 0% to about 1.0% by weight of water; and 

(d) the balance comprising a carrier suitable for application to 
hair. 
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TOPICAL PERSONAL CARE COMPOSITION CONTAINING ALKENYL 
OR STYRENE END-CAPPED SIUCONE GRAFTED COPOLYMER 

5 

TECHNICAL FIELD 
TWs invention relates to topical person^ care compositions containing 
silicone grafted copolymers and an aqueous or hydroalcoholic carrier suiuble for 
10 application to the skin or hair, whernn the alicone grafted copolymer is soluble or 
dispernble in the continuous phase of Ae carrier. 

BACKGROUND OF THE INVENTION 
The use of alicone grafted copolymers in a wide variety of toincal care 
compontions, e.g. hair and skin care compoations, has become widely known. 
IS These polymers are usefiil for tl»ir film fonning and adhesive properties, they can be 
used as adhesive agents in hair sprays, mousses, ind lotions, as weU as for a wide 
variety of skin care products such as cosmetics and skin conditioning compositions, 
wherein their film fonrnng properties are used to smooth the skin or as an aid to 
deliver other ingredients to the skin. One of the primary benefits of silicone grafted 
20 copolymers is that the alicone portions provide improved tactile properties relative 
to conventional polymers. For example, hair treated with them retains its styled 
shape in accordance with the wishes of the user, yet fieels softer than hair styled with 
conventional h«r styling polymers. Skin treated with aficone grafted polymers feels 
smootiier to tiw touch tiian ridn treated with conventional polymers. 
25 One of tije most desirable and least costly ways to use silicone grafted 

copolymers is to formulate them into aqueous or hydroalcoholic carriers, wherein the 
silicone grafted copolymers is soluble in or otherwise subly distributed throughout 
the aqueous/hydroalcoholic phase. An alternate and also desirable type of 
composition provides the silicone grafted copolymer solubilized in a nonaqueous 
30 solvent, such as cyclometiucone or a hydrocarbon, which is emulsified in the form of 
droplets distributed throughout the aqueous or hydroalcoholic carrier. Whereas this 
type of formulation is usefial and dearable for many types of products, it is more 
desirable and less expensive for many other products to use silicone grafted 
copolymers that are sbhibiliied or su*ly dispersed in non-emulafied, non-droplet 
3 S form in the aqueous or hydroalcoholic carrier. . 

One of the prefierred types of silicone grafted copolymers for use in aqueous 
topical personal care compositions, especially hair spray compositions, contains 
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acrylic acid monomers and methaciyloxy propyl end-capped silicone macromers. It 
is highly dearable to use acrylic acid monomers because the add group provides a 
high degree of polarity ^ch allows the polymer to be soluble or dispersible in water 
or hydroalcoholic carriers. Other highly polar monomers, such as many cationic 
5 monomers, can pro\ade similar solubility to the polymer but tend to be more 
hygroscopic. This can resuh in the product becoming sticky during use, particularly 
during humid conditions. Unfortunately, it has been found that these silicone grafted 
copolymers tend to hydrolyze in the aqueous or hydroalcoholic products at an 
undesirably high rate, resulting in separation of the silicone portion from the 

1 0 remainder of the copo^er. Similar c<^olymers containing the same type of silicone 
macromer but not containing the acrylic acid monomer do not hydrolyze at such high 
rates. Therefore, it appears that the hydrolysis problem surprisingly only occurs 
when )the polymer cmtuns an acr^c add or other add-containing monomer. 

Hydrolysis is of concern since a wide variety of products contain water as the 

IS primary or cosoivent for hair stj^g pofymers and other hair and skin care adheave 
polymers. It is a particulariy concerning issue in view of the current trend toward 
developing products having high water coment and reduced levels of volatile organic 
compounds (VOC's). Of particular interest is the trend toward regulation of product 
to contain reduced levels of VOCs, such as the 55% and 80% VOC regulations 

20 antidpated or alreatfy present in numerous countries. As the trend toward topical 
personal care products with reduced levels of VOCs cominues, VOC-based formulas 
will be replaced in whole or in part mth aqueous and hydroalcoholic formulas. 

It is an object of this invention to provide aqueous and hydroalcoholic topical 
personal care compositions containing silicone grafted copolymers which have 

25 improved stability against hydrolysis. It is also an object of this invention to provide 
compositions as described above which contain acrylic acid or other acid-containing 
monomers in the silicone grafted copolymer, or which otherwise can provide the 
product attributes found in such copolymers. It is another object of this invention to 
provide compositions which meet the above objects and which contain rehdvdy low 

30 or zero levels of volatile organic compounds. These and other benefits of the present 
invention as may be or become apparent to those in the art can be obtained by the 
inveiition described below. 

Unless otherwise indicated, all percentages are calculated by weight of the 
total composition and all ratios are calculated on a weight basts. Unless otherwise 

35 indicated, ingredient amoums are based on the active level and therefore do not 
include carriers or by-products that may be included in cominercial or otherwise 
available materials. The present invention may comprise, consist of, or consist 
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essentially of any of the essential and various optional and/or preferred ingredients 
and elements described herein. The terms "soluble" and "insoluble" shall refer to the 
solubility characteristics of a particular ingredient in the composition, unless 
otherwise spedfically indicated. All viscoaties and solubilities are determined at 
5 25^0, unless otherwise specifically indicated. Also, unless otherwise indicated, ail 
weight percentages of the contortions hereof are based on the total weight of the 
composition exchisive of any propellant that may be possibly incorporated into the 
product or othenmse contemplated. 

SUMMARY OF THE INVENTION 

10 Topical personal care compositions containing aqueous or hydroalcoholic 

carriers and ulicone grafted copolymers characterized by substantially improved or 
eliminated hydrdysis of tiie silicone portion of the copolymer can be obtained in 
accordance with the present invoition. It has been found that such compositions can 
be obtained by combining acid-containing monomers with the selection of specific 

IS types of silicone macromers for incorporation into the silicone grafted copolymer. 
The silicone macromers hereof are selected fi-om the group consisting of alkenyl end- 
capped silicone macromers and styrene end-capped silicone macromers, and 
combinations thereof The silicone macromers are ethylenically unsaturated, 
polymerizable monomors having a styrene or alkenyl end-capped alicone group 

20 covalentiy bound to the ethylenically unsaturated portion of the monomer via the 
styrene or alkenyl end-cap. 

The compositions hereof can be used in a wide variety of topical personal 
care applications, induding hiur care, skin care, cosmetics, and personal cleansing 
compoations. They are especially usefiil for hair styling products, such as hair 

25 ^rays, hair lotions, hair tonics, mousses, hair rinses, and shampoos. Other usefiil, 
spedfic product applications include skin care compositions such as skin moisturizers 
and other skin conditioning compositions, sunscreens, sunless tanning compositions, 
skin deansing compoations, anti-acne compoations, topical analgesic compositions, 
and other drug-containing topical skin compoations. Skin care compositions also 

30 include cosmetics. 

More ^cificaily. the presmt invention provides topical personal care 
compoations containing silicone grafted copolymer having improved resistance 
against hydrolysis, wherein the compositions comprise: 

(a) from about 0. 1% to about 50%, by weight of the composition, of silicone 

35 grafted copolymer containing: 

(i) from about 1% to about 99%, by weight of the copolymer, of acid- 
containing monomers, said acids of the acid-containing monomers 
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preferably being selected from the group consisting of carboxylic acid 

and sulfonic add, and conibinatidns thereof; 

(ii) from about \% to about SOVo of alicone macromers having the 



X-CH2— (CH2)s-Si(Ri)3^„-Zm 

wherein: s is an integer from 0 to ibcnit 6; m is an integer from 1 to 3, 
R2 is Cl-ClO alkyi or C7-C10 tXkylaiyl; n is an integer from 0 to 4; X 
is an ethyienically unsaturated group of the fonnula : 

R3 R4 

wherein r3 is -H or C1-C6 alkyl; R-^ is H or C1-C6 alkyl; Z is 



RHiiO)r— 



R1 

wdierein each independently is an alkyl, aryl or alk^aryl having 
from 1 to 10 carbon atoms, and r is an integer from about 4 to about 
700, and combinatimis thereof, 

(m) from 0% to abmit 98% of additional monomers, and combinations 
thereof and 

(b) from about to about 99.9%. by wdght of the composition, of an 
aqueous or hydroalcoholic solvent for sud alicone grafted copolymer suitable 
for application to the hair or sidn. wherein said copolymer is soluble or 
dispersible in said solvent. 

The present invention is described in more detail below in the Detailed 
I>escription of the Invention. 

DETAILED DESCRIPTION OF THE INVENTION 
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The topical personal care compositions of the present invention generally 
compiise: (a) from about 0.1% to about S0%, by weight, of the styrene or alkenyl 
end-capped silicone grafted copolymer hereof preferably from about 0.2% to about 
20%, more preferably from about 0.5% to about 15%, even more preferably from 
5 about 1% to about 10%, most preferably fiwn about 2% to about 8%; and (b) from 
about 1% to about 99.9%, by weight, of an aqueous or hydroalcoholic solvent for 
the silicone grafted copolymer suitable for application to the hair or skin, preferably 
from about 50% to about 99.8%, more preferably from about 60% to about 99.5%, 
even more preferably from about 70% to about 99%, most preferably from about 

10 80% to about 98%. The silicone grafted copolymer is soluble or dispersible in the 
aqueous or hydroalcoholic sohrent. 

The topical personal caie compositions hereof are. by definition, suitable for 
topkad appUcation to the skin or hair. By "suitable for topical appUcation to the skin 
or hair" what is meant that the compositions are safe fin- to|Mcal application to the 

15 skin or hair when used in thdr intoided maimer and efifecttve ft>r delivering the 
copolymers hereof to the sldn or hair in sudi a manner that the copolymer can 
provide its intended benefit. 

Aqueous or Hvdmalc oholic Solvent 
The aqueous or hydroalcoholic solvent for the copolymers of the present 

20 invention can be water or a combination ofwater and one or more monohydricCl- 
C6 alcohols, preferably C2-C3 akohols, more preferably C2 alcohol (i.e.. ethanol). 
Tbe levels of total aqueous or hydroateohoUc solvent are described above. By 
hydroalcohoBc. what is meant is any mbcture of water and one or more of the 
alcohols containing at least about 0.5%. by wd^t of the solvent, ofwater. 

25 For hair care products in general, such as hair sprays and mousses, however, 

the compositions hereof will generally comprise at least about 5% water, preferably 
at least about 10% water, more fweferably at least about 20% water. 

In another aspect of this invoition, the compositions hereof are characterized 
by reduced levels of volatile organic compounds (VOC's), and wiU comprise firan 

30 about 40% to about 99.9% water and from 0% to about 80% of the monohydric 
alcohols, preferably fi:om 0% to about 55% of the monoMric alcohols. In a 
particulariy prefimed embodimoit for aerosol or nonaerosol hur^y compositions, 
the compositions wiU comprise from about 40% to about 75% water and from about 
20% to about 55% monohydric alcohol, or from about 40% to about 95% water and 

35 from 0% to about 55% monohydric alcohol, In reduced VOC compositions, the 
total level of VOC's will preferably be no greater than about 80%, by weight of the 
composition, inclusive of propellants, preferably no greater than about 55%. 
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For purposes hereof, VOC's are defined as any organic compounds (including 
silicones) which either have: a vapor presstue at 20°C of 0.1 mm Hg or higher; or 
contain 12 or less carbon atoms. Conversely, organic compounds having a vapor 
pressure of less than 0. 1 nun Hg undo* the same conditions or which contain more 

5 than 12 caibon atoms are defined herdn as bong nonvolatile. 

The styrene and aDcenyi end-capped silicone grafted copolymers hereof are 
soluble or disperalble in the aqueous or hydroalcoholic solvent. This is in contrast to 
the situation wherein the copolymer is not soluble or dispersibie in the solvent, 
therd^ existing in a separate or discontinuous phase fi'om the solvent. 

10 Additional solvents, cosolvents, and solubilizing aids may be incorporated 

into the compontions hereof to asast with sohilnfization of the copolymer without 
departing form the spirit or intent of the invention. Examples of such ingrecBents 
indude, but are not limited to, di- and tri- Iqrdric alcohols, surfiictants and 
cmulsifiers. 

IS Styrwc/AlkCTYl En j-Cwp^d Sfliww Crafted Copolymer 

The silicone grafted copolymer (hereinafter sometimes refnred to as "the 
copolymer") constitutes an essential componoit of the present invention. The term 
"copolymer", as used heron, refers to polymers derived by polymerization of two or 
more (&£ferent species of monomers. The copolymers hereof are made by the 

20 copotymerization of one or more types of add-containing monomers, one or more 
species of certun styrene or all«i^ end-c^>ped silicone macromers (or a mbcture 
thereof), and opticmally one txr more other types of monomers. For convemence, the 
copolymers hereof may sometimes be referred to as being derived from sud 
monomers and macromers, meaning that the copotynier is made by copolymerization 

25 of said monomers and macromers. The term "monomer", as used herein, means 
ethylemcally unsaturated compounds capable of bong polymerized to form 
copolymers, as defined herein. The term "macromer", as used herein, shall refer to a 
monomer characterized by having a polymeric substituent. The essential macromers 
of the present inventkm are alicone macnxners, meaning that the macromers have 

30 silicone as a polymeric substituent. Also, the copolymers hereof may sometimes be 
said to comprise said monomers and macromers, meaning that the copolymer 
comprises units corresponding to the indicated pre-polymerization monomers and 
macromers. 

35 The copolymers hereof comprise from about 1% to about 99%, by weight of 

the copolymer, of add-contuning monomers. In general, the copolymers will 
preferably comprise fix)m about 5% to about 90%, more preferably from about 10% 
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to about 80%, most preferably from about 15% to about 75%. The particular level 
of acid-oontaining monomer preferred for any specific composition can vary 
dqjending on the type of fomiulation and intended use, as well as the types and 
amounts of the other monomers and macromers in the copolymer and the molecular 
5 weight of the copolymer. For hair spray and other hair care compositions, for 
wcample, the copolymer prrferably comprises from about 5% to about 50%, by 
weight of the copolymer, of add-eontaining monomer, more preferably from about 
10% to about 35%, most preferably from about 15% to about 25%. 

The acid-containing monomers will prrferably be sdected from monomers 

10 containing acid groups sdected from the group consisting of caiboxylic acids and 
sulfonic adds, most preferably caiboxylic adds. Other add-containing monomers 
can also be used, induding but not limited to pbospfaonic acid-containing monomers. 
Combinations of tiie above types of add-containing monomers can also be used. 

The add-containing mmomer units iHesent in die final oopolym» can be 

15 derived from polymerizable add-contaimng starting monomers, or from 
polymerizable nonionic monomers which are modified subsequent to 
polymerization to the add functionalities. Included widiin the term add- 
containing monomers are die neutralized versions, i.e. salts, of the monomers 
hereof. Neutralization is discussed in more d^l below. 

20 Examples of add-containiog monomers include: 

0) Caiboxylic add-conlaining monomers, induding those corresponding to 
the formula: 

Rspa 
R7 R« 

wherein: r5 and independently are H or C1-C6 alkyl, preferably H or methyl; 
25 is H, C1-C6 alkyl, or a carboxylic moiety having up to about 12 carbon atoms, 

preferably H or methyl, or if R^ is a caiboxylic add moiety, preferably acrylic 

acid; and R^ is a carboxylic moiety having up to about 12 caabon atoms. 

Specific examples of caiboxylic add-containing monomers include acrylic 

add, methacrylic add, maldc acid, maldc acid half ester, itaconic acid, fiimaric 
30 acid, and crotonic acid, half esters of polybasic acid anhydride such as succinic 

anhydride, i^thalic anhydride or the like reacted with a hydroxy! group-containing 

acrylate and/or methaoylate such as hydroxyethyl acrylate, hydroxyethyl 

methacrylate, hydroxyinopyl acrylate, and the like. 
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(ii) Sulfonic acid-containing monomers such as styrenesutfonic acid, and 
sulfoalkyl acrylates and methacrylates, preferably with C1-C6 alkyl groups, more 
preferably C2 alkyl groups, such as sulfoethyl acrylate, sulfoethyl methacrylate, 
and the like. 

S (iii) Phoqihoric add-containing monomors such as the {rtioqiho oxyalkyl 

acrylates and mediacrylates, preferably with C1-C6 oxyalkyl groups, more 
preferably C1-C3 oxyalkyl. Specific examples include phospho-oxyethyl acrylate, 
phospho-oxyethyl methacrylate, 3-chlon>-2>acid phospho-oxypn^yl acrylate, 
phosirtio-oxypropyl methacrylate, and ti» like. 

10 Prefisrred add contatiung monomers are the caiboxylic adds and the sulfoiuc 

adds. Most prefored are the caiboxylic adds. Examples of highly prefiBrred add- 
containing monomers are aoylic add, methaci^ add, «id styreneaulfixiic add. 
Espedally prefisrred add-containing monomers are aciylic add and methacr^c add. 

15 The copolymers hereof comprise from about 1% to about 50%, by wdght of 

the copolymer, of styrene end-capped silicone macromers, alkenyl end-capped 
silicone macromers, or a combination thereof, preferably from about 2% to about 
40%, more preferably from about 5% to about 40%, most preferably from about 5% 
to about 2S%. By "styrene" or "alkenyl'' end-capped silicone macromer what is 

20 meant is that the macromer contains a sificone, i.e. poiymeric siloxane or 
"potysikncane" group, that is covaiently bound to the monomer iraa a styrene group or 
an alkei^ group, respectively. 

The preferred styrene end-capped silicone macromers and alkenyl end-capped 
macromers of the presem invention have the formulas, respectively: 

25 

X— (CH2)s-Si(Rl)3-m-Z;n 
(R2)n 

and 

X— CHj— (CH2)s-SI(m)3-m-Zm 
wherein: s is an integer from 0 to about 6, preferably 0, 1, or 2, more preferably 0 or 
30 1; m is an integer from 1 to 3, prefiwably 1; r2 is Cl-ClO alkyl or C7-C10 alkylaryl, 
preferably C1-C6 alkyl or C7-C10 alkylaryl, more preferably C1-C2 alkyl; n is an 
integer from 0 to 4, preferably 0 or 1, more preferably 0; X is an ethylenically 
unsaturated group (prior to polymerization) of the formula: 
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wherein r3 is H or C1-C6 alkyi. preferably H or C1-C2 alkyl, more preferably H; r4 
is H or C1-C6 alkyl, preferably H or C1-C2 alkyl, more preferably H or methyl; Z is: 

5 

r 

RHSiO)r— 
R1 

wherein: each independently is an alkyl, ai^ or alkylaryl having from 1 to 10 
caibon atoms, preferably C1-C6 alkyl, more preferably C1-C2 alkyl, most preferably 
meth]^; and r is an integer from about 4 to about 700, preferably from about 50 to 

10 about 500, more preferably from about 100 to about 300; and combinations thereof. 
For hair care compoations, such as hair sprays, r is most preferably from about 150 
to about 200. The styrene end-capped silicone macromers are preferred. 

The silicone portion of the macromer is preferably substituted at the para or 
meta positions of the aromatic ring rehrtive to X, most preferably at the pan position. 

15 If n is not 0. then the r2 group or groups are preferably substituted at the meta 
positions. The ortho positions are preferably, but not necessarily, unsubstituted. 

Styrene and alkenyl end-capped silicone macromers and methods for making 
them are well-known in the art. See, for example, Holohan, George, Barrie, and 
Parker. "Monofimctional Polydimethylsiloxane Oligomers For Graft 

20 Copolymerization", Macromol. Chem. Phys. 195, 2965-2979 (1994). which discloses 
silicone macromers wherein s = 0 for styrene end-capped macromers and wherein 
and s = 0 or an integer for alkenyl oid-caiqied silicone macromers. Further 
disclosure relating to methods of making the alicone macromera hereof can be found 
in the E}q;>erimental section, below. 

25 Additional Monomera 

The copolymers hereof; in general, comprise from 0% to about 98%, by 
weight of the copolymer, of additional monomers other than the acid-containing 
monomers and styrene or alkenyl end-capped silicone nuicromers described above, 
preferably from 0% to about 80%, more preferably from 20% to about 70%. For 

30 hair care compositions, such as hair sprays, the copolymer preferably comprises from 
40% to about 70% of additional monomers. The use of additional monomers can be 
especially desirable for increaang the Tg of the copolymer, as described in more 
detail below, or for adjusting the solubility of the copolymer, depending upon the 
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particular types and levels of the other copolymers and the type and amount of the 
aqueous or hydroalcohoUc solvent. When used in whole or part for one or both of 
these purposes, the adcHtional monomers will generally be used at a level of at least 
about 1%, by waght of the copolymer, more generally at least about 2%, preferably 
5 at least abwt 5%, more preferably at least about 10%. 

A yndt variety of the additional monomers can be used. These include 
nonionic monomers, cationic monomers, and amphoteric monomers. The nonionic 
monomers can be either low or high polarity monomers. The cationic monomers can 
be polymerized in the cationic state, or can be polymerized as a nonionic precursor 
10 wluch is then quatemized or otherwise made cationic subsequent to polymerization. 
If cationic monomers are to be used, it is preferred that the wdght percentage of at 
least one of either the catiomc or acid-contuning monomers be no greater than ab<Hit 
10%, preferably no greater than about 5%, to nrininuze the occurrence of ionic 
interactioh between the two chaiged groups. 
IS Examples of low polarity nonionic monomers are: acrylic and methacrylic 

add esters of C1-C24 alcohols, such as m^anol, ethanol, allyl alcohol, 1- 
propanol, 2-propanol, 1-butanol, 2-methyl-l-propanol, 1-pentanol, 2-pentanol, 3- 
pentanol, 2-methyl- 1-butanol, 1-methyl-l-butanol, 3-methyl- 1-butanol, 1-methyl- 
1-pentanol, 2-methyl-l-pentanol, 3-methyl-l-pentanol, t-butanol, cyclohexanol, 2- 
20 ethyl-l-butanol, 3-heptanol, benzyl alcohol, 2-octanol, 6-methyI-l-heptanol, 2- 
ethyl-l-hexanol, 3,S-dimethyl-l-hexanol, 3,5,S-trimethyl-l-hexanol, 1-decanol, 1- 
dodecanol, l-hexadecantd, l-octadecanol, ol^l alcohol, isobomyl alcohol, 
tetrahydrofiirfuryl alcohol, and the lilx, the alndids preferably having an avnage 
number of carbon atoms of from about 1-18, more preferably from about 1-12; 
25 styiene; alkylstyienes, piefisrably with C1-C6 alkyls, such as t-butylstyrene; 
chlorostyrene; vinyl esters such as vinyl acetate and vinyl propionate; vinyl 
chloride; vinyl toluene; vinyl caprolactam; vinylidene chloride; acrylonitrile; 
alpha-alkylstyienes, preferably with C1-C6 alkyl groups, such as alpha- 
methylstyrene; 1,3-dialkenes, such as butadiene and cyclohexadiene; ethylenically 
30 unsaturated hydrocarbons, preferably Cl-CS alkenes, such as ethylene and 
propylene; alkoxyalkyl (meth)aciylates, preferably with C1-C6 alkyl groups, such 
as methoxy ethyl (meth)acrylate, butoxyethyl (meth)acrylate; and alkyl vinyl 
ethers, preferably C1-C6 alkyl vinyl ethers, such as methyl vinyl ether. Other low 
polarity nonionic monomers include: acrylate and methacrylate derivatives such as 
35 di-acrylates and di-methacrylates, e.g. ethylene glycol di-acrylate, ethylene glycol 
di-methacrylate, 1,3-butyleneglycol di-actylate and -methacryUte; and 
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diacetonacrylamide. As used herein, the clause "(m^)acrylate'' shall mean that 
both "acrylate" and "methactylate" are disclosed. 

Prefmed low polarity nonionic monomen include n-butyl methacrylate, 
isobutyl methaciylate, 2-^ylhexyi methactylate, methyl methaciylate, t- 
5 butylactylate, t-butylmethaciylate, and mixtures thereof. 

Exemplary high polarity nonionic monomers include; aciylamide; 
mrthacrylamide; N,N-dialkyl(meth)acryiamides, especially with C1-C6 alkyls, 
preferably methyl, such as N,N-dimeth^aCTylamide; N-alkyl acrylamides, 
especially with C1-C6 alkyls, such as N-t-butyl acrylamide and 
10 isopropylacrylamide; acrylate and methacrylate alcohols, especially C2-C6 
(meth)acrylatB alcohols, such as hydroxyethyl acrylate, hydroxyethylmethacrylatc, 
hydioxypiopylacrylate, and hydroxypropylmethacrylate; vinyl pyrrolidone, allyl 
alcohol, and vinyl alcohol (made by hydrolyzing vinyl acetate after 
polymeiizatioa). 

IS Cationic monomers include quaternizabte, amino-functional, ethylenically 

unsaturated monomers, such as the amino fimctional derivatives of styrene, 
acryUunide, methactylamide, (meth)acrjdates such as the C1-C5 alkyl esters of acrylic 
acid and methact^ic add. Preferred are C1-C5 alkyl amines especially C1-C3 
amines. It is preferred to use the tertiary amines, (e.g., trialkyl amines), though it is 

20 not meant to necessarily exclude monoalk^ amines, dialkyl amines, and other alM 
amine derivatives. Espedally preferred are dimethyl amino Ci-Cj >lkyl amines. 
These monnners can be quatemized prior to or subsequent to polymerization, 
preferably sidnequent to polymeiization. 
Catinuc monomers include: 

25 (i) monomers dnived ftom acrylic add or methacrylic acid, which is 

referred to herdnafter collectively as (meth)acrylic acid, and a quatemarized 
epihalohydrin product of a trialkylamine having 1 to S carbon atoms in the alkyl 
such as (meth)acryloxypropyltrimethylammonium chloride and 
(meth)acTyloxyi»opylttfethylammonium bromide; 

30 (ii) amine derivatives of (meth)acrylic acid or amine derivatives of 

(meth)acrylamide derived from (meth)acrylic add or (meth)acrylamide and a 
dialkylalkanolamine having C1-C4 alkyl groups such as dimethylaminoethyl 
(meth)acrylate, diethylaminoethyl (meth)acrylaie, dimethylaminopropyl 
(meth)acrylate, or dimethylaminopropyl (meth)acrylamide; and 

35 (iii) derivatives of the products of the group (ii) above by (1) neutralization 

with an acid such as hydrochloric add, or lactic acid, (2) modification with a 
halogenated alkyl, such as methyl chloride, ethyl chloride, methyl bromide, or 
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ethyl iodide, (3) modification with a halogenated fatty acid esto- such as ethyl 
monochloroacetate, or methyl monochloropiopionate, and (4) modification with a 
dialkyl sulfate such as dimethyl sulfate, or diethyl sulfate. 

Specific examples of such monomers include: 0) p^limethyhuninomethyl 

5 styrene, p^imethylaminoethyl stymie; (ii) dimethylaminometlqrl aciylanude, 
dimethylaminopropyl aciylamide, dimethylanunopropyl methacrylamide, 
dimethylaminomethyl methaciylamide; dimethylaminoethyl (meth)acrylate. 
dtethylaminoethyl (meth)acrylate, dimethylaminopropyl (meth)acrylate, and dimethyl- 
aminopropyl (meth)acrylamide. Cationic monomers also include amine 

10 derivatives of allyl compounds such as diall^m^ylammonium chloride and the 
like. 

As discussed above, cationic monomers can be polymerized in catioiic 
fcmn, or as an alternative they can be polymerized in the form of their precursors, 
which are then modified to be cationic, for example, by a quatemizing agent (e.g. 

IS ethyl monochloroacetate, dimethyl sulfote, etc.). 

Examples of the amphoteric monmners include zwitlerionized derivatives of 
the aforementioned amine derivatives of (meth)acrylic adds or the amine 
derivatives of (metii)acrylamide such as dimetiiylaminoethyl (meth)acrylate, 
dimethylanunopropyl(meth)aciylamide by a halogenated fatty acid salt such as 

20 potassium monochloroacetate, sodium monobromo|m^ionate, 
aminomethylpiopanol salt of monochloroacedc add, triethanolamine salts of 
monochloroacetic add and the like; and amine derivatives of (meth>accylic add or 
(meth)acrylamide, as discussed above, modified with propanesultone. 

These amphoteric monomers, like the aforementioned cationic monomers, 

25 can be polymerized in amphoteric form or, as an alternative, tiiey can also be 
pidymerized in the form of thdr precursors, which are then converted into the 
amphoteric state. 
Copolymers 

The o^lymers hereof should have a wdght average molecular wdght of at 
30 least about 20,000, for purposes of providing effiective adhesive or film forming 
properties upon application to the hair or skin. There is no upper limit for 
molecular wdght except that which limits applicability of tiie invention for 
practical reasons, such as processing, aesthetic characteristics, formulateabiUty, 
etc. In general, the weight average molecular weight will be less than about 
35 10,000,000, more generally less than about 5,000,000, and preferably less than 
about 3,000,000. Preferably, the weight average molecular weight will be 
between about 50,000 and about 2,000,000, more preferably between about 
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75,000 and about 1,000,000, most prefisrably between about 100,000 and about 
750,000. Molecular weight can be detenniiied by gd pemeation cfaromatognq)hy 
via universal calibration with refractive index and dimerential visoometric 
detection using pdysiyiene standards, or equivalent. 

5 Preferably, die cqxdymw hatof when dried to form a film has a Tg of at 

least about -2QPC, preferably at least about 2QPC, so that they are not unduly 
sticky, or "tacky" to the touch. Preferably, the Tg is from about 20OC to about 
120°C. As used herein, the abbreviation "Tg" refers to the glass transition 
temperature of the non-silicone bacIdXMie of the copolymer. Tg can be measured 

10 by techniques well known in the art, such as by differential scanning calorimetry 
(DSC) or dynamic mechanical analysis. Tg can be controUed by varying the level 
and type of the various add-containing monomm and additional monomers that 
are used. 

Methods for making silicone grafted copolymers have become well-known 

IS in the published ait. The pieaent silioone grafted copolymers can be made in 
accordance with known processes, sutgect to the additional requirement that the 
starting monomers be chosen such that the final product will be constituted of 
acid-containing monomers and styrene end-capped silicone macromers as 
described above. Examples of processes for making silicone grafted polymers are 

20 described in detail in U.S. Patent 4.693,935, Mazurek, issued September 15, 1987, 
and U.S. Patent 4,728,571, Clemens et al., issued March 1, 1988, both of which are 
inoorporited herdn by reference, and also in U.S. Patent 5,061,481, Suzuki et al.. 
issued October 29. 1991, U.S. Patent 5,219,560, Suzuki et al., issued June 15, 1993, 
U.S. Patent 5,166,276, Hayama et al., issued November 24, 1992, U.S. Patent 

25 5, 106.609, BoUch et al., issued April 21, 1992, U.S. Patent 5,100,658. BoUch et al., 
issued March 31, 1992, U.S. Patent 5,100,657, Ansher-Jackson et al., issued March 
31, 1992, U.S. Patent 5.104,646, Bolich et al., issued April 14, 1992, EPO 0 412 
707, Torgerson et al., granted F^ruary 4, 1994, EPO 0 412 704. Bolich et al., 
pubUshed February 13, 1991, EPO application 92918969.4, Peffly, filed August 18, 

30 1992, EPO AppUcation 92918839.9. Hozshuh. et al., filed August 18, 1992. and 
EPO Application 92919224.3, filed August 18, 1992, all of which are incorporated 
hernn by refisrence. 

In general, the copolymers of the present invention can be made by free 
radical polymerization of alicone macromers with acid-containing monomers and 
35 other monomers that may be used. The general principles of free radical 
polymerization methods are well understood. See, for example, Odian, 
"Principles of Polymerization", 2nd edition, John Wiley & Sons, 1981, pp. 179- 
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318. The desired monomers are all placed in a reactor, along with a sufficient 
amount of a mutual solvent so that when the reaction is complete the viscosity of 
the reaction is reasonable. Typical monraner loadings are from about 20% to 
about 50%. Undesiied terminators, especially oxygen, are removed as needed. 

5 This can dcme by evacuation or by purging with an inert gas, such as argon or 
nitrogen. The initiator is introduced and the reaction brought to the temperature 
needed for initiation to occur, assuming thnmal initiators are used. Alternatively, 
redox or radiation initiation can be used as deared. The polymerization is allowed 
to inooeed as long as needed for a high level of conversion to be achieved, 

10 ty^ally ftom a few hours to a few days. The solvent is then removed, usually by 
evaporation or by precipitating Ae copolymer by addition of a nonsolvent. The 
pcrfymer is fiirth« purified, as needed. 

The copolymers hereof will preferably be utilized in at least partially 
nmtralized fam. Neutralization can promote solubility or dispersibility of the 

IS p(rtymer in the compodtion. In addition, use of the neutralized form aids in 
removability of the copaiymia from the hair or sldn upon cleansing with shampoo, 
soap, detergent, or other cleansing product. In general, it is preferred that from 
about 10% to 100%, more prefenriily from about 20% to about 90%, even more 
preferably from about 40% to about 85%, of the acidic functionality of the 

20 polymer be neutralized. 

Any conventionally used base, organic ot metallic, may be used for 
neutralization. Hydroxides of alkali metal and aUcaluw earth metal are suitable 
neutralizen for use with the silicone grafted c(qmlymers. Prefierred neutraliang 
agents for use in hair spay compositions of the presmt invention are potassium 

25 hydroxide and sodium hydroxide. Examples of other suitable neutralizing agents 
which may be used include amines, especially amino alcohols sudi as 2-amino-2- 
methyl-l,3-propanediol (AMPD), 2-amino-2-cthyl-l,3-propancdiol (AEPD), 2- 
amino-2-methyl-l-propanol (AMP), 2-amino-l-butanol (AB), monoethanolamine 
(MEA), diethancdamine (DEA), triethanolamine (TEA), mono-isopropanolamine 

30 (MIPA), diisopropanol-amine (DIPA), triisopropanolamine (TIPA) and dimethyl 
steramine (DMS). Mixtures of amines and bases (metallic or (nganic) may also be 
used. 

Removal of unieacted ulicone macromer, if any is present at undesirably 
high levels which can interfere with product poformance, can be done by any 
35 means known in the art. One method that can be used is supercritical fluid 
extraction, such as with supercritical carbon dioxide. Another generally 
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applicable method is membrane separation, perfonned in accordance with standard 
techniqoes of the ait. 

A purification method which can be partieulariy useful for the copolymers 
hereof is solveitt extraction with a nonpolar scdvent. Suitable solvents include C3- 
5 C8 hydrocarbons, preferably CS-C6 hydrocaibons, such as hexane. Before 
performing the extracticm, the polymer reaction product is precipitated out of the 
reaction solvent (e.g., with water), and dried. The extraction solvent is preferably 
heated to near or slightly above the average Tg of the non-silioMje backbone 
portion of the polysiloxane-grafted polymer of the adhesive agent. The 

10 temperature should be high enough so that the polymer softens, but not so high 
such that it congeals. The extraction solvent and reaction product can be mixed 
before, or after heating the aotvent. The extraction solvent and polymer reaction 
product should be held with mixing and preferably in an excess of solvent, for a 
reasonable period to effectuate removal of the soluble materials. This period wiU 

IS depend upon the reflux temperature of the solvent, tfie Tg of the copolymer, the 
temperature to which the solvent is actually heated, the desired level of removal of 
unreacted monomer and low viscosity material remaining after polymerization, 
and the number of cycles of solvent extraction to be perfonned. Typically, the 
solvent extraction periods will be from about one-half hour to about two hours, 

20 more typically from about one-half hour to about one hour. The solvent can be 
removed after each cycle by conventional means, e.g., decanting, filtering, etc., 
with drying or distillation to remove trace extnution solvent remaining in the 
product after the final extraction cycle. 

Analysis of the polymer reaction product and the extracted materials, and 

25 the purified film-forming agent can be dcme by conventional analysis techniques 
known in the art. These include, for exam^rie, nuclear magnetic resource (NMR), 
infrared molecular spectroscopies, gel permeation/size exclusion chromatography, 
liquid chromatography, gas chromatography, atomic absorption and emission 
spectroscopies, and wet methods such as titration. 

30 Topical Pgrsonal Care CompQsitipns 

A wide variety of tqncal personal care compositions are contemplated under 
the present invention, including both hare care compositions and skin care 
compositions. Hair care compositions include hair sprays (aerosol and 
nonaerosol), hair tonics, hair lotions, shampoos, hair rinses, and mousses. Skin 

35 care compositions include skin moisturizers and other skin conditioning 
compoations, sunscreens, sunless tanning compositions, skin cleansing 
compositions, anti-acne compositions, topical analgesic compositions and other 
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drug-containing topical sldn plications, and the like. Sldn caie compositions 
also include cosmetics and fragrances, especially th<»e intended fw use in the 
forial area. Cosmetics include, for example: foundations; ^e make-up, such as 
mascara; and lip make-up. Fragrances include perfumes, colognes, and after- 
5 shaves. 

Toi»cal personal care compositions of the i»esent invention include products 
wherein the cqnlymer is used as an adhesive to style hair, to modify the surface 
of the skin for skin conditi<Hung purposes or for cosmetic appearance purposes. 
The copolymer hereof can also be used to fiacilitate delivery of an active ingredient 
10 to the hair or skin. Substantivity to the skin or hair can be enhanced for such 
ingredients as a result of entrapment by the adhesive films the copolymers of the 
present invention can form upon curing. Examples of such active ingredients 
include drugs, cosmedc actives (e.g., hair or skin conditioners, dyes and pigments 
for cosmetics, perfiimes and fragismoes, and the like), sunscreen actives Onduding 
IS physical sun-blocking actives such as anc or titanium dioxide, as wdi as chemical 
sunscreens which protect the skin or hair by selective absorption of UV-A and/or 
UV-B rays), and sunless tanning agents. 

The compositions hereof can be formulated to include any of the ingredients 
typically known for use in the type of product that is desired, as well as any other 
20 ingredients that may provide desireable benefits widiout interfering unduly with 
the function of the styiene end-capped siUcone grafted copolymer hereof. A 
nonexclusive description of a variety of such ingredients for use in topical personal 
care compositions is provided bdow. 

The topical personal care compoutions can contain a wide variety of volatile 
25 materials including, but not Unuted to acetone, hydrocarbons (such as isobutane. 
hexane, decene), halogenated hydrocarbons (such as Frcons), linalool, esters (such as 
ethyl acetote. dibutyl phthalateX and volatile silicon derivatives (especially siloxanes 
such as pheirjrl pentamethyl disiloxane. methoxypropyl heptamethyl cyclo- 
tctrasUoxane, chloropropyl pentamethyl disiloxane, hydroxypropyl pentamethyl di- 
30 siloxane. cydometWcones such as octamethyl cydotetrasUoxane and decamethyl 
cydopentasiloxane. and polydimetfayl aloxanes, such as dimethicone having, for 
example, a viscosity at 2S0C of about 15 centipoise or less), and mfactures thereof 
Volatile matNials such as these are commonly used in topical compositions, such as 
sprays, tonics, gels, and mousses. 
35 Aerosol topical personal care compositions, such as mousses and aerosol hmr 

sprays, can utilize any of the conventional propellants to deliver the material. 
Examples of suitable propellants include materials such as trichlorofluoromethane, 
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dichlorodifhioromethane, difluoroethane, dimethylether, propane, n-butane or 
isobutane. Areosol as well as nonaerosol spray products may include a suiiactant to 
enhance spray quality. Examples of suitable surfactants include nonionic, cationic, 
anionic sur&ct^s, or mixtures thereof. Fluorosur&etants are also encompassed 
5 herein. Surfactants are particular^ de«reable for the spay product of the present 
invention, especially qiray products aich as hair spray, wherein the spray quality can 
affect product performance, since the compositions hereof have relatively low levels 
of volatile orgamc comptninds and relatively high levels of water. The high water 
levels of the present compositions can otherwise adversely affect spray quality. If 

10 sudi a surfactant is used, it is preferably present at a levd of from about 0.01% to 
about 7.5% by weight of the total composition. The level of propeOant can be 
adjusted as desired. It is generally from about 3% to about 30% by total wnght of 
the composition (weight basis inclusive of propellant) of mousse compositions and 
from about 1S% to about S0% of the aerosol hair spray compositions. The 

IS propellant level in other product fi»ms may vary widely, but is generally between 
about 3% and about 70%, by wd^ of the total composition. 

Suitable spray containera are wdl known in the art and inchide conventional, 
non-aerosol pump sprays i.e., "atomizers," aerosol containers or cans having 
propdlant, as described above, and also pump aerosol containers utilizing 

20 compressed air as the propeOem. Pump aerosol containera are disclosed, for 
example, in U.S. Patents 4,077,441, March 7. 1978, Olofison and 4,850,577, July 
25, 1989, TerSt^ both incorporated by refinence herein, and also in U.S. Serial 
No. 07/839,648, Goaseiin, Lund, Sojka, and Lefebvre, filed Februaiy 21. 1992. 
"Consumer Product Package Incorporating A Spray Device UtilLdng Large Diameter 

25 Bubbles. Pump aerosols hair sprays using compressed air are also currently marketed 
by The Procter & Gamble Company under their tradename VTDAL SASSOON 
AIRSPRAYR hair sprays. 

The compo«tions of the presem tnvottion can be in a wide variety of forms. 
For ncample. »ngle phase compositions as well as emulsions wherdn die silicone 

30 grafted copolymer is present in the aqueous or hydoalcoholic phase of the emulsion. 
Exemplary emulsions include, but are not limited to, oil4n-water, water-in-oil. water- 
in-oii-in-water, and oil-in-water-in-silicone emulsions. The silicone grafted 
copolymer hereof will be present in an aqueous or hydroalcoholic phase of the 
composition. 

35 The compositions can cover a broad rai^e of viscosities, preferably from about 

1 cS to about 200,000 cS, at 25 OC. 
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A wide variety of ad^tional components can be employed in the topical 
personal care compositions heran. Non-limiting examples include the following. 
PhamMceutical Actives 

The compositions of the present invention can comprise a safe and effective 

S amount of a phannaceutical active. The phrase "safe and effective amount", as used 
herein, means an amount of an active high enough to significantly or positively 
modify the condition to be treated, but low enough to avoid seri(»is side effects (at a 
reasonable benefit/risk ratio), within the scope of sound medical judgement. A safe 
and effective amount of the phannaceutical active will vary with the specific active, 

10 the ability of the composition to penetrate the active tivough the skin, the amount of 
composition to be applied, the particular condition being treated, the age and physical 
condition of the patient being treated, the severity of the condition, the duration of 
the treatment, the nature of concurrent therapy, and like ftctors. 

The phainiaceutical actives v^uch can be used in the conqjositions of the 

15 present invention preferably comprise fi'om about 0.1% to about 20% by weight of 
the compositions, more preferably firom about 0.1% to about 10%, and most 
preferably from about 0.1% to about 5%. Mixtures of phannaceutical actives may 
also be used. 

Nonlimiting examples of pharmaceutical actives can include the following: 

20 Usefiil phannaceutical actives in the compositims of the present invention 

include anti-acne dnjgs. Anti-acne drugs preferred for use in the present invention 
inchide the keratolytics such as salicylic add. sulfiir, lactic acid, glycolic. pynivic 
add. urea, resordnol, and N-acetylcystdne; retinoids such as retinoie add and its 
derivatives (e.g., ds and trans); antibiotics and antimicrobials such as benzoyl 

25 peroxide, octopirox, erythromycin, zinc, tetracyclin, triclosan, azelaic add and its 
derivatives, phenoxy ethanol and pheno^ proponol, ethylacetate, clindamycin and 
meclocycline; sebosuts such as fiavinoids; alpha and beta hydroxy adds; and bile 
salts such as scymnol sulfiite and its derivatives, deo^cholate. and cholate. 
Prefened for use herein is aaficyOc add. 

30 Useful pharmacetuical actives in the compositions of the present invention 

indude non-steroidal anti-inflammatoiy dnigs (NSAIDS). The NSAIDS can be 
sdected from the following categories: proinonic add derivatives; acetic add 
derivatives; fenamic add derivatives; biphenylcaiboxylic add derivatives; and 
oxicams. All of these NSAIDS are fully described in the U.S. Patent 4,985,459 to 

35 Sunshine et al., issued January 15, 1991, incorporated by reference herein. Most 
preferred are the propionic NSAIDS including but not limited to aspirin, 
acetanunophen, ibuprofen, naproxen, bcnoxaprofen, flurbiprofen, fenoprofen. 
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fenbufen, ketoprofen, indoprofen, phprofen, carprofen, oxaprozin, pranoprofen, 
miroprofen, tioxaprofen, suprofen, abninoprofen, tiaprofenic add, fluprofen and 
bucloxic acid. Also useful are the steroidal anti-inflammatory drugs including 
hydrocortisone and the like. 
5 Usefiil pharmaceutical actives in the compositions of the present invention 

include antipruritic drugs. Antipruritic drugs preferred for inclusion in compositions 
of the present invention include pharmaceutically-accept^ie salts of methdilizine and 
trimeprazine. Usefiil phannaceutical actives in the compositions of the present 
invention include include anesthetic drugs. Anesthetic drugs preferred for inclusion 

10 in compoations of the present invoition include pharmaceutically-acceptable salts of 
lidocaine; buinvaaune, chlorpnocaine, dibucaine, eddocaine, mepivacaine, tetracaine, 
dyclonine, hexylcune, procaine, cocaine, ketamine, pramoxine and phenol. Usefiil 
pharmaceutical actives in the con^sitioiis of the present invention include 
antimicrobial drugs (antOwcterial, antifiiQgal, antiprotozoal and antiviral drags). 

15 Antimicrobial drugs prefmed for incluMon in compositions of the present invention 
inchide pharmaceutically-acceptable salts of b-lactam drags, quinolone drags, 
ciprofloxacin, norfloxacin, tetracycline, erythromycin, amikacin, triclosan, 
doxycycline, capreomycin, chlortiexidine, chlortetracycline, oxytetracycline, 
clindamycin, ethambutol, metronidazole, pentamidine, gentamidn, kanamycin, 

20 lineomydn. methacycline, methenamine, minocycline, neomydn. netifanidn, 
paromomydn, streptomycin, tobramycin, miconazole and amanfiuUne. Amimicrobial 
drags preferred for tnchision in compositions of the present invention inchide 
tetracycline hydrocMoride, eiythromydn estolate, eiythromydn stearate (salt), 
amikacin sulfate, doxycycline Mroditoride, capreomydn sulfate, chlorhexidine 

25 gluconate, chlorhexidine hydrochloride, chlortetracycline hydrochloride, oxytetra- 
cycline hydrochloride, clutdamycin hydrochloride, ethambutol hydrochloride, 
metronidazole hydrochloride, pentamidine hydrochloride, gentamicin sulfate, 
kanamycin sulfate, linetMiiydn hydrochloride, methacydine hydrochloride, 
methenunine hippurate, methenamine manddate, minocycline hydrochloride, 

30 neomycin sul&t^ netOmidn sulfite, paromomycin sulfate, streptomydn sulfate, 
totoamydn sulfite, miconazole hydrochloride, aman&dine hydrochloride, amanfadine 
sulfite, tridosan, octopirox, parachlorometa xylenol, nystatin, tobiaftate and 
clotrimazole. 

A wide vairety of alpha-hydroxy adds and beta-hydroxy acids can be useful for 
35 pharmaceutical and cosmetic purposes for the skin, including for anti-aging, reduced 
dryness, skin exfoliation, and reduction in the appearance of wrinkles and fine lines. 
These indude salicylic add, glycolic acid, and lactic add. 
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Also useful herein are sunscreen agents. A wide variety of sunscreening agents 
are described in U.S. Patent No. 5,087,445, to HaSty et al., issued February 1 1, 
1992; U.S. Patent No. 5,073,372. to Turner et al., issued December 17, 1991; U.S. 
Patent No. 5,073,371. to Turner et al. issued December 17, 1991; and Segarin, et al., 
5 at Chapter Vm, pages 189 et seq., of Cosmetics Science and Teehnnlngv all of 
which are incorporated herdn by refoence in thdr entirety. Included among those 
sunscreens are those selected from the group conasting of 2Hetl^lhexyl p- 
methoxycinnamate, 2-ethylhexyI N.N-dimethyl-p-aminobenzoate, p-aminobenzoic 
add, 2-phenylbenzimidazole-S-sulfonic add, octooylene, oxybenzone, homomenthyl 
10 sali(^ate, oc^ salicylate, 4,4'-methoxy-t-buQ4dibenzo}1methane, 4-isopropyl 
dibenzoybneUiane, 3-ben^lidene camphor. 3-(4-metliyibenzyiidene) camphor, 
titanhim dioxide, 2inc oxide, nUea, iron oxide, and nuxtures thereof 

General^, the sunscreens can comprise frcmi about 0.5% to about 20% of the 
conqx>sitions usefiil herein. Exact amounts vnll vary dependitig upon the sunscreen 
15 chosen and the desired Sun Protection Factor (SPF). SPF is a commonly used 
measure of photoprotection of a sunscreen agunst erythema. Sss Federal Register. 
VoL 43, No. 166, pp. 38206-38269, August 25, 1978. which is incorporated herein 
by reference in its entirety. 

Also useful in the present invention are sunless tanning a^ts including 
20 dihydroxyacetone, glyceralddiyde, indoles and thdr derivatives, and the like. These 
sunless tanning agents may also be used in condMnation with the sunscreen agents. 

Other usefiil actives inchide sldn bleaching (or lightenng) agents indudirig but 
not findted to hydroquinone, ascoiinc add, kojic add and sotfium liietabisulfite. 

Other useful actives wMch are especially usefiil for hair care compositions 
25 indude anti-dandruff ae&ns such as zinc pyritMone, octopirox, sdenhun disulfide, 
sulfiir, coal tar. and the like. 

Zinc pyritMone and trklosan, as well as other anti-bacterials. may also be used 
in anti-perspirant conqwsitions and deodorant compositions for use on the body, 
especially in the underarm area. 
30 Conditioners 

The compositions of the present invention can comprise a wide variety of 
conditiorung ^ents for the hair or ddn. The conditioning agents are typically used at 
a levd of from about 0.05% to about 20%, by weight of the composition, preferably 
from about 0.1% to about 10%, more preferably from about 0.5% to about 5%. 
35 Nonvolatile, as used herein, has the meaning as defined above. 
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Conditioning agents useful herein, and especially useful for hair care and skin 
care compositions, include nonvolatile conditioning fluids, such as hydrocarbons, 
nlicone fluids, fatty esters, and fifty alcohds, as well as cationic materials. 

The conditioning fluids will generally have a viscoaty of about 3 million cs or 
5 less, preferably about 2 mOlion cs or less, more preferably about l.S nullion cs or 
less. 

Conditioning fluids include liquids selected from the group consisting of 
hydrocarbon oils and fatty esters. The flitty esters include compounds characterized 
by having at least 10 carbon atoms, and indude esters with hydrocarbyl chains 

10 derived from &tty acids or alcohds. e.g., mono-asters, polyhydric alcohol esters, and 
di- and tri-caiboxylic add esters. The faydrocaibyl radicals of the fhtty esters hereof 
can also inchide or have covalently bonded thereto other compatible fimcdonalities, 
such as amides and alkoxy moieties (e.g., ethoxy or ether linkages, etc.). 

Hydrocarbon oils inchide cydac Iqrdrocarbons, straight chain aliphatic 

IS hydrocarbons (saturated or unsaturated), and branched chain alifdiatic hydrocarbons 
(saturated or unsaturated). Stru^ chain hydrocarbon oOs will preferably contain 
from about 12 to about 19 carbon atoms, ahhough it is not necessarily meant to be 
limit the hydrocarbons to this rai^e. Branched chain hydrocarbon oils can and 
typically may contain Ugher numbers of carbon atoms. Also encompassed herein are 

20 polymeric hydrocari)ons of alkenyl monomers, such as C2-Cg alkenyl monomers. 
Specific examples of suitable materials indude parafBn oil, mineral oil, saturated and 
unsaturated dodecane, saturated and unsaturated tridecane, saturated and unsaturated 
tetradecane, saturated and unsaturtted pentadecane, saturated and unsaturated 
hexadecane, and nuxtures thereof A preferred hydrocari>on polymer is polybutene, 

25 such as the copolymer of isobutylene and butote. A commerdally available material 
of tlus type is L-14 polybutene from Amoco Chemical Co. (Chicago, Illinois, 
U.S.A.). 

Monocarboxylic acid esters hereof include esters of alcohols and/or acids of 
the formula R'COOR wherein alkyl or alkenyl radicals and the sum of carbon atoms 

30 inR'andRisatleastlO,prefisrablyatleast20. 

Fatty esters indude, for example, alkyi and alkenyl esters of fatty adds having 
aliphatic chains with from about 10 to about 22 cubon atoms, and alkyl and alkenyl 
fatty alcohol carboxylic add esters having an alkyl and/or alkenyl alcohol-derived 
aliphatic chain with about 10 to about 22 carbon atoms, and combinations thereof 

3S Examples include isopropyl isostearate, hexyl laurate, isohexyl laurate, isohexyl 
pabnitate, isopropyl palmitate, decyi oleate, isodecyl oleate, hexadecyl stearate, decyl 
stearate, isopropyl isostearate, dihexyldecyl adipate, lauryl lactate, myristyl lactate. 
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cetyl lactate, okyl stearate, ole^ deate, oleyl myristate, iauryl acetate, cetyl 
propionate, and oleyl adipate. The mono-cartxixylic add esto* however need not 
necessarily contain at least one chain with at least 10 carbon atoms, so long as the 
total number of aliphatic chain carbon atoms is at least 10. Examples include 

S diisopropyl adipate diisohexyl adipate, and diisoprc^ sd>acate. 

Di- and tri-alkyi and alkenyl esters of »rbox}dic acids can also be used. 
These include, for example, esters of C4-C8 dicarboxylic acids such as Ci-C22 esters 
(preferably C|-Cg) of succinic acid, glutaric acid, adipic add, hexanoic acid, 
heptanoic add, and octanoic add. Specific examples include isocetyl steaiyol 

1 0 stearate, diisoprop^ adipate, and tristeaiyl dtrate. 

Polyhydric alcohol esters indude aU^ene glycol esters, for exani(de ethylene 
glycol mono and di-fttty add esters, dieth^ene glycol mono- and di-fttty add estm, 
polyethylene glycol mono- and di-fittty add esters, propylene glycol mono- and 
di-&tty add esters, polypropylene glycol monooleate, polypropylene glycol 2000 

IS nnonostearate, ethox^ated propylene glycol monostearate, glycer^ mono- and 
^fittty add esters, polyglycerol poly-fktty add esters, ethoxylated glyceryl 
monostearate, 1.3-butylene glycol monostearate, 1,3-butylene glycol distearate, 
polyoxyethylene polyol fttty add ester, soibttan fatty add esters, and polyoxy- 
ethylene sorbitan &tty add esters are satis&ctory polyhydric alcohol eaters for use 

20 herein. 

Glycerides indude mono-, di-, and tri-glyoerides. Nfore specifically, induded 
are the mono-, di-, and tri-esters of glycerol and long chain caiboxylic adds, such as 
^10-^22 caibo^^lic adds. A varied of these types of materials can be obtained fiom 
vegetable and animal ftts and (hIs, such as castor oil, safflower oil, cottonseed oil, 

25 com oil, olive oil, cod fiver oil, almond oil, avocado oil, pahn oil, sesame oil, lanolin 
and soybean oil. Synthetic oib include triolem and tristearin glyceryl dilaurate. 
Preferred glycerides are di-, and tri-glycerides. Especially preferred are triglycerides. 

Other conditinung agents fluids indude &tty alcohols, preferably C10-C22 
alcohols, such as stearyl and cetyl alcohols. 

30 Still other conditioning agents for hair and/or skin include urea; guaxudine; aloe 

vera in any of its variety of fi>rms (e.g.. aloe vera gd); polyhydroxy alcohols such as 
soibitol, glycerol, hexanetriol, propylene glycol, butylene glycol, hexylene glycol and 
the like; polyethylene ^ycols; sugars and starches; sugar and starch derivatives (e.g., 
alkoxylated glucose); hyaluronic acid; lactamide monoethanolamine; acetamide 

3S monoethanolamine; and nuxtures thereof 
Silicone Conditioning Agent 
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An optional component of the present invention is a nonvolatile, silicone 
conditioning agent. 

The alicone conditioning agent for use herein will preferably have an average 
viscoMty of from about 1,000 to about 2,000.000 centistokes at 25»C, more 
5 preferably from about 10,000 to about 1,800,000, even more preferably from about 
100,000 to about 1,500,000. The viscosity of silicones herein can, in general, be 
measured by means of a glass capillary viscometer as set forth in Dow Coming 
Corporate Test Method CTM0004, July 20, 1970. 

The silicone conditioning agent will typically be used in the compositions 
10 hereof at levels of from about 0.05% to about 10% by weight of the compositfen, 
preferably from about 0.1% to about 10%, more preferably from about 0.5% to 
about 8%, most preferably from about 0.5% to about S%. 

Suitable insoluble, nonvolatile silicone conditioning agents include polyalkjd 
sUoxancs, polyaryl sDoxanes, polyalkylaiyl sUoxanes, polyether siloxane copolymers, 
15 and mixtures thereof Other insoluble, nonvolatile siUcones can also be used. The 
silicones hereof can be silicone fluids or alicone gums. The term "silicone fluid" shall 
mean flowable siBcone materials having a viscosity of less than 1,000,000 centistokes 
at 25»C. Generally, the viscosity of the fluid will be between about 5 and 1,000,000 
centistokes at 2S"C, preferably between about 10 and about 100,000. Silicone 
20 gumds are desoibed in more detail bdow. 

SiUcone fluids hereof include polyalkyl or polyaiyl siloxanes with the 
following structure: 

R 

I 

A— Si— O- 
R 

25 wherein R is alkyi cm- aiyl, and x is an integer from about 1 to about 8,000. preferably 
from about 5 to about 8,000. "A« represents groups which block the ends of the 
«licone chains. 

The allgri or aiyl groups substituted on the siloxane chain (R) or at the ends 
of the siloxane chains (A) may have any structure as long as the resulting silicones 
30 remam fluid at room temperature, are hydrophobic are ndther irritating, toxic nor 
otherwise harmful v/hea applied to the hair, are compatible «nth the other 
components of the conqxisition, are chemically stable under normal use and storage 
conditions, and are capable of being deposited on and of conditioning hur. 
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Suitable A groups include methyl, methoxy, ethoxy, propoxy, and aryloxy. 
The two R groups on the silicone atom may represent the same group or different 
groups. Preferably, the two R groups represent the same group. Suitable R groups 
include methyl, ethyl, propyl, phenyl, methylphenyl and phei^bnethyl. The preferred 
S silicones are polydunethyl siloxane. polydiethylsiloxane, and 
po]ymethylphen:^sOoxane. Polydimethylsiloxane is especially preferred. 

The nonvolatile polyalkylsiloxane fluids that may be used include, for 
example, polydimethylsiloxanes. These siloxanes are available, &x eounple, from the 
General Electric Company in their Viscasil^ and SF 96 series, and from Dow 

1 0 Coming in their Dow Coming 200 smes. 

The polyalkyhuyl siloxane fluids that may be used, also include, for example, 
polymethylphenylaloxanes. These aloxanes are available, for example, from the 
General Electric Company as SF 107S meth^ phenyl fluid or fix>m Dow Coming as 
556 Cosmetic Grade Fluid. 

15 The polyether siloxane copolymers that may be used include, for example, a 

polypropylene oxide mocUfied polydimethylsiloxane (e.g., Dow Coming DC- 1248) 
although ethylene oxide or mbctures of ethylene oxide and propylene oxide may also 
be used. The ethylene oxide and polypropylene oxide level must be suflBdently low 
to prevent solubility in wato- and the compoation hereof. 

20 Another alicone material that can be e^pedaOy uaeM in the silicone 

conditioning agents is insoluble sificone gum. The term "alicone gum", as used 
herein, means polyoiganosiloxane materials having a viscoaty at 2S"C of greater than 
or equal to 1,000,000 centistdkes. Silicone gums are described by Petrarch and 
others including U.S. Patent 4,152,416, S{Ntzer et al.. issued May 1. 1979 and Noll, 

25 Walter, Chemistry and Technotogy of Silicones. New York: Academic Press 1968. 
Also describing silicone gums are General Electric Silicone Rubber Product Data 
Sheets SE 30, SE 33, SE 54 and SE 76. All of these described references are incor- 
porated herein by referaice. The "silicone gums" will typically have a mass 
molecular weight in excess of about 200,000, generally between about 200,000 and 

30 about 1,000,000. Specific examples include polydimethylsiloxane, 
(polydimethylsiloxane) (methyhnnylsiloxane) copolymer, poly(dimetlqrl»loxane) (di- 
phen^ sSoxaneXmethyl^viylaloxane) cq>olymer and mixtures thereof 
Cationic Pohmer Hair Condhiomne Agent 

The compositions of the present invention can also comprise cationic polymer 

35 conditioning agents. The polymeric cationic conditioning agents hereof will generally 
be used at levels of from about 0.05% to about 5%, preferably from about 0.1% to 
about 4%. more preferably from about 0.2% to about 3%, by weight, of the shampoo 
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composition. The cationic conditioning polymers are preferably water soluble. By 
"water soluble" cationic organic polyroer, what is meant is a polymer which is 
suffidemfy soluble m water to fcrnn a substantially clear solution to tiie naked eye at 
a concentration of 0.1% in water (distilled or equivalent) at IS^C. Preferably, the 
S polymer will be suffidently soluble to form a substantially clear solution at 0.5% 
concentration, more preferably at 1.0% concoitration. The cationic polymers hereof 
will generally have a weight average molecular weight which is at least about 5,000, 
typically at least about 10.000, and up to about 10 million. Preferably, the molecular 
weight is from about 100,000 to about 2 million. The cationic polymers can 

10 generally be characterized 1^ having have cationic nitrogen-containing moieties such 
as ^wtemaiy amnKHUum or cationic amino moieties, or a mixtiire thereof. Any 
anionic counterions can be utilized for the cationic pdymers so long as tiie water 
solubility criteria is met. Suitable counterions indude halides (e.g., Br-, I-, or F-, 
preferably C1-, Br-, or sulfate, and methylsul&te. Others can also be used, as this 

IS list is not exclusive. 

The cationic nitrogen-containing moiety will be present generally as a 
substituent, on a fraction of the toUd monomer units of die cationic hair conditioning 
polymers. Thus, the cationic polymer can comprise copolymers, terpolymers, etc. of 
quaternary ammonium or cationic amine-substituted monomer units and other 

20 non-catioluc units referred to herdn as spacer monomer units. Sudi polymers are 
known in the art, and a variety can be found in the CTFA Cosmetic IngredieM 
Dictionary, 3rd edition, edited by Estrin, Crodqr, and Haynes. (The Cosmetic, 
Toiletry, and Fragrance Aisodation. Inc., Wasluiigton. D.C., 1982). 

Suitable cationic polymers include, for ocample. copolymers of vinyl 

25 monomers having catiomc amine or quaternary ammonium functionalities with water 
sohdrfe spacer monomers such as aoylainide, methacrylamide, alkyl and dlalkyl 
acrylamides, all^l and dialkyl methaoytamides. alkyl acrylate, alkyl methacrylate, 
vinyl caprolactone, and vinyl pyrrolidone. The alkyl and dialkyl substituted 
monomers preferably have C1-C7 alkyl groups, more preferably C1-C3 alkyl groups. 

30 Other suitable spacer monomers inchide vinyl e^ers, vinyl alcohol (made by 
hydrolyris of polyvinyl acetate), maldc anhydride, propylene glycol, and ethylene 
glycol. 

The cationic amines can be prinuuy, secondary, or tertiary amines, depending 
upon the particular species and the pH of the shampoo. In general, secondary and 
35 tertiary amines, espedaliy tertiary amines, are preferred. 

Amine-substituted vinyl monomers can be polymerized in the amine form, and 
then optionally can be converted to ammonium by a quatemization reaction. Amines 



PCTAJS96AM183 



can also be similarly quat«nized subsequent to formation of the polymer. For 
example, tertiary amine functionalities can be quatemized by reaction with a salt of 
the formula R'X vdierein R' is a short chain alkyl, preferably a C1-C7 alkyl, more 
preferably a C1-C3 allq^ and X is an anion which forms a water soluble salt with the 
5 quatemized anunonium. 

Suitable catioiuc amino and quaternary ammonhim monomers include, for 
example, vinyl compounds substituted with dialkylanunoalkyl acrylate, 
dialkylaminoalkyl methacrjdate, monoalkylaminoalkyl acrylate, monoalkylaminoalkyl 
methaciylate, trialkyl methacryloxyalkyl anunonium salt, trialkyl acryloxyalkyl 

10 ammoiuum salt, diallyl quaternary ammonium salts, and vinyl quaternary ammonium 
monomers having cyclic cationic nitrogen-containing rings such as pyridinium, 
imidazoiium, and quatemized pyrrolidone, e.g., alkyl vinyl imidazolium, alkyl vinyl 
pyridinium, aU^ vii^ pyrrolidone sahs. The alk^ portions of these monomers are 
preferably lower aDc^ such as the C1-C3 alk^ more preferably Cj and C2 alliyls. 

15 Suitable amine-substituted viiqrl monomers for use herein indude dialiqrl- 

aminoalkyl acrylate, diallqrlaminoalkyl methacrylate, dialkylaminoalkyl acrylamide, 
and dialkylaminoalkyl methacrylamide, wherein the allqd groups are preferably 
C1-C7 hydrocarbyls, more preferably C1-C3, all^s. 

The cationic polymers hereof can comprise mbctures of monomer units 

20 derived fix>m anune- and/or quatemaiy ammonium-substituted monomer and/or 
compatible spacer monomers. 

Suitable cationic hair conditionii^ polymers indude, for example: copolymen 
of l-vinyl-2-pyiTolklone and l-vinyl-3-methylinudazoImm salt (e.g., chloride salt) 
(nrfbrred to in the industry by the Cosmetic, Toiletry, and Fragrance Association, 

25 "CTFA", as Polyquatemium-16), such as those commerdally available from BASF 
Wyandotte Corp. (Parsippany, NJ, USA) under the LUVIQUAT tradename (e.g., 
LUVIQUAT FC 370); copolynwrs of l-vinyl-2-pyrroUdone and dimethylaminoethyl 
methacrylate (referred to in the industry by CTFA as Polyquatcmium-ll) such as 
those commercially available from Gaf Corporation (Wayne, NJ, USA) under the 

30 GAFQUAT tradename (e.g., GAFQUAT 755N); catioiuc diallyl quatemaiy 
ammonium-containing pofymos, including, for example, dimethyldiall^ammonium 
chloride homopolymer and copolymers of acr^amide and dimethyldiallylammonium 
chloride, referred to in the industry (CTFA) as Polyquatemium 6 and Polyquatemium 
7, respectively; and mineral acid sahs of amino-aUcyl esters of homo- and 

35 co-polymers of unsaturated caiboj^lic adds having fivm 3 to 5 carton atoms, as 
described in U.S. Patent 4,009,256, incorporated herein by reference. 
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Other cationic polymers that can be used include polysaccharide polymers, 
such as cationic cdhilose derivatives and cationic starch derivatives. 

Cationic p(riysaccharide polymer materials suitable for use herdn include 
those of the formula: 

5 

A-0(R-l|l— R3— X") 
R? 

wherein: A is an anhydrogiueose residual group, such as a starch or cellulose 
ardiydrog^cose readual, 

R is an aUgrlene oxyallgdene. polyoxyalkyiene. or hydroxyalkylene group, or 
10 emanation tfwreo^ 

r1, r2 and R^ independently are allcyl, aiyl. alkylaiyl, aiylalk)4, aOroxyalkyl. or 
allon^aryl groups, eadi group contaiiung up to about 18 caibon atoms, and the total 
number of carbon atoms for each cationic moiety (i.e., the sum of carbon atoms in 
R? and R^) preferably being about 20 or less, and 
IS X is an anionic counterion, as previously described. 

Cationic cellulose is available from Amerchol Corp. (Edison, NJ, USA) in 
their Polymer JP^ and LR^ series of polymers, as salts of hydroxyethyl cellulose 
reacted with trimethyl ammonium substituted epoxide, referred to in the industry 
(CTFA) as Potyquatemhmi 10. Another type of cationic cellulose indudes the poly- 
20 meric quatemaiy anHnonium salts of hydroxyetl^ cellulose reacted with lauiyl 
dimethyl ammaiuum-substituted epoxide, referred to in the industry (CTFA) as 
Polyquatermum 24. These materials are avalable from Amerchol Corp. (Edison, NJ, 
USA) under the tradename Polymer LM-200. 

Other cationic polymers that can be used include cationic guar gum 
25 derivatives, such as guar faydroxypropyhrimonium chloride (commercially available 
from Cdanese Corp. in thdr Jaguar^ series). Other nuiterials include quatemaiy 
nitrogen-comaining cellulose ethers (e.g., as described in U.S. Patent 3,962,418, 
incorporated by reference herein), and copolymers of etherified cellulose and starch 
(e.g., as described in U.S. Patent 3,958,581, incorporated by reference herein). 

Cationic suifectams useful heron as con^tioning agents include quaternary 
ammonium salts or the salts of fatty amines. Preferred quaternary ammonium salts 
are diallcyl dimethyl ammonium chlorides, wherdn the allcyl groups have from 12 to 
22 carbon atoms and are derived from long-chain fatty acids. Representative 
35 examples of quaternary ammonium sahs include ditallow dimethyl ammonium 
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chloride, ditaUow dimethyl aininoiuum methyl sul&te, dihexadecyl dimethyl 
ammonium chloride, and di(hydrogenated tallow) ammoiuum chloride. Other 
quatemaiy ammonium sahs useful herdn are dicationics such as tallow propane 
diammonium dichloride. Quatemaiy imidazolinium salts are also useful herein. 
5 Examples of such nuterials are those imidazolinium salts containing C12-22 allcyl 
groups such as 1 -methyl- l-[(stearoylamide)ethyl]-2-heptadecyl-4, 5- 
dthydroimidazolinium chloride, l-methyl-l-[(pabnitoylamlde)ethyl]-2-octadecyl-4,S- 
dihydroimidazolinium chloride and 1 -methyl- l>[(tallowaniide)-ethyl]-2-tallow- 
imidazolinium methyl sul&te. Also useful herein are salts of &tty amines. Examples 

10 of such compounds include stearylanune hydrochloride, soyamine hydrochloride, and 
stearylanune formate. Usefid conditioiung agents are disclosed in U.S. Patent No. 
4,387,090, to Bolich, issued June 7, 1983. which is incorporated by refimnce herein. 

Catioiuc surfactant conditioning agents are generally used at a level of from 
about 0. 1% to about 5%, weight of the composition. 

IS Surfactants 

Surfactants are (^onal ingredients in the compoations of the invention. 
When present, the surfactant tyfucalfy comprises from about 0.05% to about 50% of 
the composition. Surfactants are espedally usefiil in cleansing compositions, such as 
shampoos and skin cleansing compositions, and can be used for a wide variety of 

20 other purposes in these and other types of compoations hereof Exemplary uses 
indude emulstfiers, sohibUzers of other ingredients, and conditioning (particulariy 
cationic surfactants. For a shampoo or other cleansing conqiiosition, the suifactant 
levd is preferably from about S% to about 30%, more preferably from 12% to i^t 
25%, of the compoation. For conditioners, the prefisrred level of suifactant is from 

25 about 0.05% to about 5%. Surfactants useful in compositions of the present 
invention include anionic, nonioiuc. cationic, and amphoteric surfactants. A wide 
variety of surfactants useful herein are disclosed in U.S. Patent No. 5,151,209, to Mc 
CaU et al., issued September 29, 1992; U.S. Patent No. 5.151,210, to Steuri et ai.. 
issued September 29. 1992; and U.S. Patent No. 5,120,532, to WeUs et al.. issued 

30 June 9, 1992, aD of whidi are incorporated by refierence herdn. 

Anionic detergents usefiil herein include alkyl and alkyl ether sulfates. These 
materials typically have the respective formulae ROSO3M and RO(C2H40)xS03M. 
wherein R is alkyl or aUcen^ of from about 10 to about 20 carbon atoms, x is 1 to 10, 
and M is a water-soluble cation such as ammonium, sodiunt, potasaum and 

35 triethanoiamine. 

Another suitable class of anionic surfactants are the water-soluble salts of the 
organic, sulfuric acid reaction products of the general formula: 
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RI-SO3-M 

wherdn Rj is chos«i from the group consisting of a straight or branched chain, 
saturated alq^c bydrocaibon racUcal having from about 8 to about 24, preferably 
ibout 12 to about 18, carbon atoms; and M is a cation. Important examples are the 
S salts of an organic sulfuric acid reaction product of a hydrocaibon of the methane 
series, including iso-, neo-, mi n-paraffins, having about 8 to about 24 carbon atoms, 
preferably about 12 to about 18 carbon atoms and a sulfonating agent, eg., SO3, 
H2SO4, oleum, obtained according to known sulfianation methods, inchiding 
bleaching and hydrolyns. Prefisned are aUcdt metal and anmionhufi sulfonated C12. 

10 18 n-paraffins. 

Additional examplei of amonic synthetic aurftctants which come within the 
tenns of the present invention are the reaction products of &tly acids esterified with 
isethionic add and neutralized with sodhnn Iqrdronde where, for example, the fttty 
adds are derived frcmi coconut oil; sodium or potassium salts of &tty add amides of 

IS methyl tauride in which the fiitty adds, for example, are derived from coconut oil. 
Other anionic synthetic surfactants of this variety are set forth in U.S. Patents 
2.486.921; 2,486,922; and 2,396,278. 

Still other aniomc synthetic sur&ctants include the class designated as 
sucdnamates. This class indudes sudi surftce active agems as disodium N- 

20 octadecylsulfosuednamate; tetrasodhun N-(1.2-dicarboxyethyl)-N- 

octadecylsuUbsucdnamate: diamyl ester of ao&mi sulfbwcdnic add; diho^l ester of 
sodhun sulfosuc dnicaeid; dioctyl esters of sodmm suUbsuccinic add. 

Other suitable anionic sur&ctants utilizaUe herein are olefin sulfonates having 
about 12 to about 24 carbon atoms. The term "olefin sulfonates" is used herein to 

25 mean compounds which can be produced by the sulfonation of a-olefins by means of 
uncomplexed sulfur trioxide. followed by neutralization of the acid reaction nuxture 
in conditions such that any sultones whidi love been formed in the reaction are 
hydrofyzed to give the correspon(&% hydroxy-alkaneailf<Huttes. The a-olefins from 
which the olefin sulfonates are derived are mono-olefins having about 12 to about 24 

30 cariran atoms, preferably about 14 to about 16 carbon atcrnis. Another dass of 
amonic organic avftctants are the 0-alkyloxy alkane sulfonates. These compounds 
have the following fornnila: 
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35 
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where K\ is a straight chain alkyl group having from about 6 to about 20 carbon 
atoms, R2 is a kiwn- alkyl group having iBrom about 1 (preferred) to about 3 carbon 
atoms, and M is a water-soluble cation as h««inbefore described. 

Many additional nonsoap synthetic anionic surfactants are described in 
5 McCutcheon'sL Determents and Emulsifiers. 1984 Amiual. published by Allured 
Publishing Coiporation, which is incorporated herein by reference. Also U.S. Patent 
3,929,678, Laughlin et al., issued D«:ember 30, 197S, discloses many other anionic 
as well as other sur&ctant types and is incorporated herein by reference. So2^)s can 
also be utilized as anionic sur&ctants. 
10 Nonionic surfactants, can be broadly defined as conq>ounds produced by the 

condensation of alkylene oxide groups (iqrdrophilic in nature) with an oiganic 
hydrophotMC compound, which may be aliphatic or alkyl aromatic in nature. 
Examples of classes of nonionic surfactants are: 

1. Those derived from tiie condensation of etiqtoie oxide witii the 
IS product resulting from the reaction of propylene oxide and ethylene diamine 

products. 

2. The condensation product of aliphatic alcohols having from about 8 to 
about 18 caiton atoms, in dtiier straight chain or branched chain configuration, with 
ethylene oxide, e.g., a coconut alcohol ethyloie oxide condensate having from about 

20 10 to about 30 moles of ethylene oxide per mole of coconut alcohol, tiie coconut 
alcohol firaction haraig from about 10 to about 14 caibon atoms. 

3. Long chain tertiary amine oxides such as those 
corresponding to tiie following general formute: 

R1R2R3N > O 

25 wherein Rj contains an alkyl, alkenyl or monohytfavxy alkyl radical of from about 8 
to about 18 carbon atoms, from 0 to about 10 ethylene oxide moieties, and from 0 to 
about 1 glyceryl moiety, and R2 and R3 contain from about 1 to about 3 carbon 
atoms and from 0 to about 1 hydroxy group. e.g., methyl, ethyl, propyl, 
hydnn^ethyl, or hydroxypropyl radicals (the anow in the formula is a conventional 

30 representation of a semipolar bond). 

4. Long chain tertiary phosphine oxides corresponding to 
the foUovnng general formula: 

RR-R-p > o 

wherein R contains an alkyl, alkoqi or monohydroxyalkyl radical ranging from about 
35 8 to about 18 carbon atoms in chain length, from 0 to about 10 ethylene oxide 
moieties and from 0 to about 1 glyceryl moiety and R' and R" are each alkyl or 
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monohydroxyalkyi groups containing from about 1 to about 3 carbon atoms. The 
arrow in the formula is a conventional representation of a semipolar bond. 

5. Long chain dialkyl sulfoxides contaiiUng one short duin 

alkyl or hydroxy alkyl radiqa of from about 1 to about 3 carbon atoms (usually 
5 methyl) and one long hydrophobic chain which include alkyl. alkenyt, hydroxy alkyl. 
or keto alkyl radicals containing from about 8 to about 20 carbon atoms, from 0 to 
about 10 ethylene oxide moieties and from 0 to about 1 glyceryl moi^. Examples 
include: octadecyl methyl sulfoxide. 2-ketotridecyl methyl sulfoxide. 3,6.9,- 
trixaoctadecyl 2-hydroxyethyl sulfoxide, dodeqi methyl sulfoxide, oleyl 3- 
10 hydroxypropyl sulfoxide, tetra decyl methyl sulfoxide, 3-methoxytridecyl methyl 
sulfoxide, 3-hydroxytiidecyl methyl sulfoxide, 3-hydroxy-4-dodecoxybutyl methyl 
sulfoxide. 

6. N-Polyfaydroxy fttty acid amides, such as the polyfaydroxyhydrocarbyl 
C9-C19 &tty acid amides having polylqrdroxy fonctionaHdes with at least three 

IS hydroxy groups, preferat^ derived from redudng sugars such as glucose, fructose, 
nudtose, lactose, and the like. Surfactants of tMs type are disdosed in US Patent 
2,965,576, E. R. Wilson, issued December 20, 1960, incorporated herein by 
rrference. 

Catioiuc suifrictams useful m compositions of the present invention, 
20 particularly the conditioner compositions, contain amino or quaternary ammonium 
hydrophilic moieties which are positively charged whoi dissolved in the aqueous 
convosttion of the present invention. Citionic surftctants among those usefol hetdn 
are disclosed in the following documents, all incorporated by reference herein: M.C. 
Publishing Co., McCutcheon's. Detergents & Emulsifiers, (North American edition 
25 1979); Schwartz, et al., Surface Active Agents. Their Chemistry and Technology . 
New York: Interscience PubUshers, 1949; U.S. Patent 3,155,591, HUfcr, issued 
November 3. 1964; U.S. Patent 3.929.678, Laughlin, et al.. issued December 30, 
1975; U.S. Patent 3,959.461, BaUey, et al., issued May 25, 1976; and U.S. Patent 
4,387,090, Bolich, Jr.. issued June 7, 1983. If included in the compositions of the 
30 present invention, the cationic surfactant is generally (xresoit at from about 0.05% to 
about 5%. 

Among the quaternary ammonium-containing cationic sur&ctant materials 
usefiil herein are those of the general formula: 
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R2^ 'R4 

wherefa R1.R4 «e independently an aHphatic group of from about 1 to about 22 
CMbon atoms, or an aromatic, alkoxy. polyoxyalkylene. alkylamido. hydroxyalkyl 
aryl or alkylaiyl gioup having fiom dK,ut 12 to about 22 carbon atoms; 
' anion selected fiom halc^gen, acetate, phosphate. nitiBte and alkylsulfitte nuiicak 
The ahphatic groups may contain, m addition to caiten and hydrogen atoms, etiier 
hnkages. and other groups such as amino groups. The longer chain aUphatic groups. 
e.g.. tiiose of about 12 caibons. or higher, can be saturated or unsaturated. 

(Xher quatemaiy ammonhim salts useful herein are diquatemaiy ammonium 
salts, such as tallow propane diammonium dichloride. 

Quatemaiy ammonhmi salts include dialkyidimethyl-ammonium chlorides 
^«*erem tiie alkyl gnwps fiom about 12 to about 22 carbon atoms and arj 
derived from long<hain fitty adds, such as hydn^enated tallow fioty add (tallow 
fatty acids yidd quaternary compoumls wherdn Rj uid Rj have predominatdy fiom 
16 to 18 carbon atoms). Examples of quaternary ammonium salts usefbl in tiie 
present mvention indude ditaUowdimethyl ammonium chloride, ditallowdimetiiy! 
amtnomum metiiyl sul&te. dihexadecyl dimethyl ammonium chloride. 
dKMrogenated taflow) dimethyl ammonium chloride, dioctadecyl dimethyl 
ammomum chloride, dieooosyol dimetiiyl ammonium chloride, didocosyl dimethyl 
ammonium diloride, di(hydrogemrted taUow) dimethyl ammonium aceute 
^he»decyl dimetiiyl ammonhim diloride^ dihexadecyl dimetiiyl ammonium acetate, 
dttillow dipropyl ammonhmi phosphate, ditallow dhnediyl ammonium nitrate. 
dKoocomitalkyl) dimetiiyl «n«onhmi chloride, and steaiyl dimetiiyl benzyl 
ammomum chloride. Ditallow dimethyl ammonium diloride. dicetyi dimetiiyl 
ammonium diloride. steaiyl dimethyl benzyl ammonium diloride ami cetyl trimetiiyl 
ammonium chloride are preferred quaternary ammonium salts useful herein. Di- 
(saturated or unsaturated tallow) dimethyl ammonium diloride is a particuhvly 
preferred quaternary ammonium salt. 

Salts of primaiy. secondaiy and tertiary fiitty amines are also suitable cationic 
surfactant materials. The alkyl groups of sudi amim» preferably have from about 12 
to about 22 carbon atoms, and may be substituted or unsubstituted. Sudi amines, 
useful herein, im:lude stearamido propyl dimethyl amine, diethyl amino ethyl 
stearamide. dimethyl stearamine. dimethyl soyamine. soyamine. myristyl amine, 
tndecyl amine, ethyl stearylamine. N-tallowpropane diamine, etiioxylated (5 moles 
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E.O.) steaiylamine, dihydrojqr eOiyl steaJTdamihe, and arachidylbehenylamine. 
Suitable amine salts include the halogen, acetate, phosphate, nitrate, citrate, lactate 
and aD^l sulfate salts. Such salts include stearyianmie hydrochloride, soyamine 
chloride, steaiylamine formate, N-tallowpropane diamine dichloride and 
S stearanudopropyi dim^i^iamme citrate. Cationic lunine sur&ctants induded among 
those useful in the present invention are disclosed in U.S. Patent 4,275,055, 
Nachtigal, et ai., issued June 23, 1981, incorporated by reference herein. 

Amphoteric surftctants, include those which can be broadly described as 
derivatives of aliphatic quaternary ammonium, phosphonium, and sulfonium 
10 compounds, in which the aliphatic radicals can be straight or branched chain, and 
wherein one of the aliphatic substituenU contains from about 8 to about 18 carbon 
atoms and one contains an wiionic water-sohibilizing group, e.g.. carboxy, sulfonate, 
sulfate, phosphate^ or phojqdwnate. A general formula for these compounds is: 

15 I 

r2_ y(+)— CH2— R4—Z(-) 
wherein r2 contains an allgrl, aUcoiyl, or hydroxy allqrl radical of from about 8 to 
about 18 carbon atoms, from 0 to about 10 ethylene oxide moieties and from 0 to 
about 1 glycei^ moiety; Y is selected from the group consisting of nitrogen, 

20 phosphorus, and sutfiir atoms; r3 is an alkyl or monofaydroxyalkyl group containiqg 
about 1 to about 3 carbon atoms; X is 1 when Visa sulfur atom, and 2 when Y is a 
nttipgen or phosphorus atom; is an alfcykne or hydroxyalkylene offnm about 1 
to about 4 carbon atonn and Z is a radical sdeded from the group consisting of 
carbox)4ate, sulfonate, sul&te. phosphonate. and phosphate groups: 

25 Other amphoterics such as betaines are also usefiil in the present invention. 

Examples of betaines useful herein include the high aligd betaines, such as coco 
dimethyl carboxymethyl betaine, lauryl dmiethyl carboxymethyl betaine, lauiyl 
dimethj^ alpha carboxyethjd b^aine, cetyl donetiijd carboxymethyl betwne, lawryl bis- 
(2-hydn»qrMhyl) carboxymethyl betaine, istearyl bis-(2-hydroxypropyl) 

30 carboxymethyl betaine, oleyl dimeti^ pmrna-carboxyi^opyl betaine. and lauryl bis- 
(2-lq^droatypropyl)aIpha-Gaiboxyethyl betaine. The ailfobetaines tody be represented 
by coco dimethyl suUbpropjd betaine. stear^ diniediyl sulfoprop^ betaine. laui^ 
dimethyl sulforthyl betaine, lauryl bis-(2-hy droxyeithyl) sulfopropyl betaine and the 
like; amldobetaines and amidosulfobetaines, wherein the RCONH(CH2)3 radical is 

35 attached to the rutrogen atom of the betaine are also useful in this invention. 

Other examples of amphoteric surfactants which can be used in the 
compo»tions of the present invention are those which are broadly described as 
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derivatives of aliphatic secondary and tertiary amines in which the aliphatic radical 
can be straight or branched chain and wherein one of the aliphatic substituents 
oMtains from about 8 to about IS carbon atoms and one contains an anionic water 
solubilizing group, e.g., carboxy, sulfonate, sulfate, phosphate, or phosphonate. 
5 Exam|des of conqxninds filling within this defiiution are sodium 3-dodecyl- 
aminopropionate, sodium 3-dodecylamino propane sulfonate, N-aUcyltaurines such as 
the one prepared by reacting dodecylamine with sodium isethionate according to the 
teaching of U.S. Patent 2,658,072, N-higher tXIcyl aspartic acids such as those 
produced according to the teaching of U.S. Patent 2,438,091, and the produas sold 
10 under the trade name "Nfiranol" and described in U.S. Patent 2.528,378. 

The compositions of the present invention can comprise a wide variety of 
rheological modifiers as thidcening an/or suspending agents. Exempiaryl ingredients 
of this type are described bdow. 

IS The compositions may inchide gel vdude materials. These are particularly 

usefiil for use in products sudi as hair rinses, creams and lotions. 

Gd vehicles can com|Hise two essential components: a lipid vehicle material 
and a cationic surfactant velude material. Cationic surftctant materials are described 
in detail bdow. Gd vdiides are generally described in the fr^owing documents, all 

20 incorporated by reference herein: Bany, "The Self Bodyii^ Action of the Mbced 
Emulsifier Sodium Dodecyl Sul&te/Cetyl Alcohol". 28 J. of Colloid and Interfece 
Science 82-91 (1968); Bany, et al., "The Self-Bodying Action of 
Alkyhiimethylammonuim Bromides/Cetosteaiyl Alcohol Mixed Enmlstfiers; 
Influence of Quaternary Chain Length", 35 J. of Colloid and Interface Sdence 689- 

25 708 (1971); and Barry, et al., "Rheology of Systems Containing Cetomacrogol 1000 
- Cetostearyl Alcohol, I. Self Bodjong Action". 38 J. of Colloid and Interface Science 
616-625 (1972). 

The carrier may incorpor^e one or more U|»d vehicle materials, regardless of 
whether it also contains a cationic surfactant, which are essentially water-insoluble, 

30 and contdn hydrophobic and hydrophilic moieties. LiiMd vehicle materials include 
naturally or synthetically-derived adds, add derivatives, alcohols, esters, ethers, 
ketones, and amides with caibon chains of from about 12 to about 22, preferably 
from about 16 to about 18, cari>on atoms in length. Fatty alcohols and fatty esters 
are preferred; fetty alcohols are particularly preferred. 

35 Preferred esters for use herein include cetyl palmitate and 

glycerylmonostearate. Cetyl dcohol and stearyl alcohol are preferred alcohols. A 
particularly prefored lipid veWcle material is comprised of a mi«ure of cetyl alcohol 
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and stearyl alcohol containing from about 55% to about 65% (by weight of mixture) 
of cet^ alcohol. 

If included in the compositions of the present mvention, the lipid veMcle material is 
typically present at fiom about 0. 1% to about 10.0% of the composition; the cationic 
5 sur&ctant vehicle material is present at from ab«it 0.05% to about 5.0% of the 
composition. 

The use of nonionic cellulose ethers and water-soluble gums for thickening 
compositions are also contemplated. See for example, U.S. Patent 4,557,928. 
Glover, issued December 10, 1985, teaching a hair conditioner comprising a 

10 suspensicm ^stem which consists of oac of glucan gum. guar gum, and 
hydroxyethylcelhilose; and U.S. Patent 4,581.230. GroUier et al., issued April 8, 
1986, which teaches cosmetic compositions for treating hair which comprise as 
thickeniiig agents hydroxyethylceUuiose, or water-sohible vegetable thickening 
agents, sudi as guar gum, eadi incorporated hmn by reference. 

15 Cdlulose ethers usefiil for producing viscous corapoations indude those 

having a sufficient degree of nonionic substituents selected from the group conasting 
of methyl, hydroxyethyl, and hydroxyprop^ to cause them to be water-soluble and 
which are further substituted with a hydrocartxm radical having from about 10 to 24 
carbon atoms in an amoum between about 0.2 weight percent and the amount which 

20 renders said cellulose ether less Hun 1%. by wdgitt, soluble in water. The cellulose 
ether to be modified is preferably one of low to medium miriecular wd^ i.e., less 
than about 800,000 and prefisrabty between about 20.000 and 700.000 (about 75 to 
2500 D.P.). 

Nomonic water-sohible ceUulose ethers are pruned polymers that can be 
25 employed in hair care compositions. Vi^deiy used, commerdaliy^available nonionic 
celhdose ethers inchtde methyl cellutose. hydroxy propyl methyl cellutose, 
hydroxyethyl cellulose, hydrraypropyl cellulose and ethyl hydroxyethyl cellulose. 

Other thickening agents for use in the compositions of the present invention, 
especially for hair rinses, include combinations of hydrophobically-modified 
30 polymeric materials with sur&ctaitts, sudi as quaternary ammonhim compounds 
(such as ditallowdimethyl ammonium chloride). These vehicles are described in 
detail in the following patems: U.S. Patent 5,106.609, issued April 21, 1992 to 
Bolich et al., U.S. Patent 5.100,658, issued March 31, 1992 to Bolich et al., U.S. 
Patent 5.104,646, issued April 14, 1992 to Bolich et al, and U.S. Patent 5,100,657, 
35 issued March 31, 1992 to Andwr-Jackson et al., each incorporated herein by 
reference. By "hydrophobicalty modified nonionic water-soluble polymer" is meant a 
nonioiuc water-soluble polymer wMch has been modified by the substitution with a 
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sufScient amount of hydrophobic groups to make the polymer less soluble in water. 
By "water-soluble" what is meant is the polymer or salt, thereof constituting the 
polymer badd>one of the tluckener should be su£Bdently soluble such that it forms a 
substantially clear sohition v^en dissolved in water at a level of 1%. by weight of the 
5 solution, at 2S"C. Hence, litt polymer baddwne of the primary thickeno' can be 
essentially any water-soluble polymer. The hydrophobic groups can be Cg to C22 
alkyl, aryl aUcyl, alkyl aiyl groups and mixtures thereof The degree of hydrophobic 
substitution on the polymer backbone should be from about 0.10% to about 1.0%, 
depending on the particular polymer backbone. More generally, the ratio of 
10 hydrophilic portion to hydrophobic portion of the polymer is from about 10:1 to 
about 1000:1. 

Nonionic water-soluble cellulose ethers are prefisrred to be employed as the 
polyiner substrate of these hydrophotncaUy modified pdymers. Thus^ e.g., 
hydroxyethy] cellulose, hydmxypropyl celiulose, methyl cdhilose, hydroxypropyl 
IS methyl cdlulose, ethyl l^roxyethyl cellulose, and methyl hydroxyethyl cellulose can 
be used. 

It is dso contemplated to utilize a suspending agent to thicken the 
compoutions and/or suspend the insoluble ingredients of the composition. Suitable 
su^>ending agents are long chain a^ derivatives, long chain amine oxides, and 

20 mixtures thereof wherdn such suqiending agents are present in the shampoo 
compositions in oystalline form. A variety of such suq>ending agents are described 
in U.S. Patent Reissue 34.584, Grote et al., issued April 12, 1994. Especially 
prefored is ethylene glycol distearate. 

Also inchided among the long chain acyl derivatives usefiil as suspending 

25 agents are the N,N-di(hydrogenated) C8-C22 (preferably Ci2-C22> more preferably 
C 16-^18) >i^<lo benzoic add, or sohible sah (e.g., K, Na salts) diereof particulariy 
N,N-di(hydrogenated)tallow amido benzoic add which is commerdally marketed by 
Stcpan Company (Northfield, Illinois, USA). 

Another component usefid in the compoationsfor thickemng or for suspending 

30 insoluble ingredients herdn is a crosslinked carboxylic polymeric thickener. These 
crossGnked polymers contain one or more monomers derived firom aci^dic acid, 
substituted aciylic adds, and salts and esters of these aciylic acids and the substituted 
acr^c adds, wherdn the crosslinking agent contains two or more carbon-carbon 
double bonds and is derived fiom a polyhydric alcohol. 

35 Examples of commercially ava3id>le carboxylic acid polymers include the 

cari)omers. which are homopolymere of acrylic acid crosslinked with allyl ethers of 
sucrose or pemaeiytritol. The carfoomers are available as the Carbopol® 900 series 
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from B.F. Goodrich. Examples of commercially avulable copolymers also include 
copolymers of C 10.30 alkyl aciylates with one or more monomers of aciylic add, 
methaciylic acid, or one of their short chain (i.e. alcohol) esters, wherein the 
crosslinking agent is an allyl ether of sucrose or pentaoytritol. These copolymers are 
5 known as aciylates/C 10-30 alkyl aaylate crosspolymers and are commerically 
available as Carbopol® 1342, Pemulen TR-1, and Pemulen TR-2, from B.F. 
Goodrich. 

When used, the compositicms of the present invention will genially comprise 
from about 0.01% to about 2%, more imsferably from about 0.05% to about 1% and 
10 most preferably from about 0.10% to about 0.73% of the caiboxylic acid polymer 
thickeners. 

Other tiuckeners include: low pH thickening agents such as polyacrylamide, 
available as Se^d from Seppic Corporation; apd crosslinked methyl quatemized 
dimethylaminomethacryhUe, available as Salcare SC9S from Allied Colloids. 
IS Emulsifiers 

The compositions herein can contain various emul^fiers. These emulsifiers are 
usefitl for emulsifying the various carrier components of the compositions herein, and 
are not required for solubiliang or diq)ersing the copolymers of the present 
invention. Suitable emulsifiers can indude any of a wide variety of nonionic, 

20 cationic, aniomc, and zwitterionic surfactants as disclosed above and as disclosed in 
the general literature. See, for example, McCutcheon's, Detergents and Emulafiers. 
North American Ecfition (1986), published by Allured Publishing Corporation; U.S. 
Patent No. 5,011,681 to Ciotti et al., issued Apnl 30, 1991; U.S. Patent No. 
4,421,769 to Dixon et al., issued Decemb«' 20, 1983; and U.S. Patent No. 3,755,560 

25 to Dickert et al., issued August 28, 1973. 

Suitable emulsifiers also include esters of glycerin, esters of propylene glycol, 
fatty acid esters of polyethylene glycol, &tty acid esters of polypropylene glycol, 
esters of sorbitol, esters of sorbitan anhydrides, carboxylic acid copolymers, esters 
and ethers of glucose, ^hoxylated ethers, etho^iylated alcohols, alkyl phosphates. 

30 polyoxyethylene fatty ether phosphates, fatty acid amides, acyl lactylates, soaps and 
mbctures thereof 

Suitable emulafiers also include, but are not limited to, polyethjiene glycol 20 
sorbitan monolaurate (Polysorbate 20), polyethylene glycol 5 soya sterol, Steareth- 
20, Ceteareth-20, PPG-2 methyl glucose ether distearate, Ceteth-10, Polysorbate 80, 
35 cetyl phosphate, potassium cetyl phosphate, diethanolamine cetyl phosphate, 
Polysorbate 60, glyceryl stearate, PEG-100 stearate, and mixtures thereof The 
emulsifiers can be used individually or as a mixture of two or more and can comprise 
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from about 0.1% to about 10%, more preferably from about 1% to about 7%, and 
most preferabfy from about 1% to about 5% of the compontions of the present 
invention. 

A4ditiQnil Comppntntt 

S The compoNtions hernn can contain a variety of other optional components 

suitable for rendering such compositions more coffineticaliy or aesthetically 
acceptable, to improve storage stability and efficacy, or to pro>dde them with 
additional usage benefits. Sudi conventional optional ingredients are well-known to 
those skilled in the art, e.g., colors and dyes, perfumes, pearlescent aids, such as 

10 ethylene glycd distearate; preservatives, such as benzji alcohol, methyl paraben, 
propyl paraben and imidazolidinyl urea; thidceners and viscosity moffifiers, such as a 
diethanolamide of a 101% chain fatty add (e.g., PEG 3 lauric diethanolamide), 
cocunonoethanol amide, guar gum, meth^ cellulose, starches and starch doivatives; 
fittty alcohols, such as ceteaiyl alcohol; sodhim chlnride; sodium sulftte; p<riyvinyl 

IS alcdiol; ethyl alcohol; pH adjusting agents, such as dtric add, sodium citrate, 
succinic add, pluMphoric add, sodhim hydroxide, sodhmi cariionate; salts, in general, 
such as potassium acetate and sodium cMoride; coloring ^ents, such as any of the 
FD&C or D&C dyes; perfimies; sequestering agents, such as disodium 
ethylenediamine tetra^acetati^ polymer ptasticizing agents, such as glycerin, disobutyl 

20 adipate, but^ stearate, and propylene glycol; vitanuns and derivatives thereof (e.g., 
ascorinc add, vitannn E, tocopheiyl acetate, retmoic add, retinol, retinoids, and the 
like; skin sensates, astriqgents, skin soothing agents, skin healing agents and the like, 
nonlinuting examples of these aesthetic components indude panthenol and 
derivatives (e.g. ett^ panthenol), pantothenic acid and its derivatives, clove oil, 

25 menthol, camphor, eucalyptus oil, eugenol, menthyl laaate, witch hazel distillate, 
allantoin, bisabalol. dipotas«um glycynluidnate and the like.); polymers for aiding the 
film-forming properties and substantivity of the composition (sudi as a copolymer of 
eicosene and vinyl pyrrolidone, an example of which is avaUable from GAF Chemical 
Corporation as Ganex^ V-220); preservatives ftx maintaining the antimicrobial 

30 integrity of tiie compoations; skin penetration aids such as DMSO, 1- 
dodecyhaacydoheptan-2-one (available as Azone fix>m the Upjohn Co.); and tiie 
like. Sudi optional ingredients goierally are used individually at levds of from about 
0.01% to about 10.0%, preferably from about 0.05% to about 5.0%, of the 
composition. 

35 Method of Usin^ Topical Personal Care Compositions 

The composhions of the present invention are used in conventional ways to 
provide the desired benefit appropriate to the product such as hair styling, holding. 
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cleansing, conditioning and the like for hair care compositions and benefits such as 
moisturization, sun protection, anti-acne, anti-wriidding, utiiicial tanning, analgesic, 
and other cosmetic and pharmaceutical ben^ts for skin care compositions. Such 
methods of use depend upon the type of composition employed bat generally involve 
5 ^plication of an effective amount of the produa to the hair or skin« which may then 
be rinsed torn the hair or skin (as in the case of shampoos and some conditioning 
products) or flowed to remain on the hair (as in the case of spray, mousse, or gel 
products), or allowed to remain on the skin (as in the case of the skin care 
compositions). By "effective amount" is meant an amount sufficient to provide the 

10 benefit desired. Preferably, hair rinse, mousse, and gd products are applied to wet or 
damp hair prior to diying and styling of the hair. After such compositions are applied 
to the hair, the hair is dried and styled in the usual ways of the user. Hair sprays are 
typically appUed to dry hair after it has alreaify been dried and styled. CosmeUcand 
phannaceutical topical skin care compositions are appUed to and rubbed into the 

IS skin. 

The following examples fiirther illustrate preferred embodiments within the 
scope of the present invention. The examples are given solely for the purposes of 
illustration and are not to be construed as limitations of the present invention as many 
variations of tiie invention are possible without departing from its spirit and scope. 

20 EXPERIMENTAL 

SiUcone macremecs I and n and Polymers I. n, and m, can be synthesized 
according following proceduies. There are numerous variations on these 
procedures which are entirely up to tiie discretion of tiie synflwtic chemist (e.g., 
choice of d^assing meUiod and gas, choice of initiator type, extent of conversion, 

25 reaction loading, etc). The choice of initiator and solvent are often determined by 
the requirements of ttie particular monomers used, since different monomers have 
different solubilities and different reactivities to a specific initiator. 

Svntiiesis of l-fDimethvlchlonKilvlV2-fn-stVTvnethane End-Cap 
In a three nedc round bottom flask eqwiped witii a magnetic stirrer, a tiwrmometer 

30 and an addition funnel, a sdution of divinyl benzene (SO.Qg, 0.384 moles) and 
chtorodimetiiyl silane (11.113 g, 0.128 moles) is prqured in dry tetnAydrofiiran 
(THF) (200 mL). To tius solution, a chtoroplatimc acid solution (0.150 g in 20 
mL THF)is added dropwise. The reaction is highly exottjermic, hence a slow 
addition of chloroplatinic acid is necessary. After the addition of platinic acid, the 

35 reaction is allowed to continue for an additional one hour, witii stirring. This 
solution (10.64 M) is used to prqnre styrene end-capped silicMie macromer I, as 
described below. 
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Siliconft Macromers I and H: In a round bottom flask which is equiped with 
a ma^tetic stirrer, a solution of hexamethylcyclotrisiloxane monomer (ISO g) is 
prepared in dry cyclohexane (ISO g). sec-Butyl litiiium (0.012S moles) initiator is 
added dropwise. The reaction mixture is allowed to stir for 10 minutes. This step 

5 is followed by tiie addition of THF (ISO g) to the reaction mixture. The solution 
is stiired overnight, fcdlowed by heating at SO d^ C for 5 hours. The end-ciq> 
(0.02S moles) is then added slowly to the solution. Silicone Macromer I is made 
with the l-(Dimethylchlon}a]yl)-2-(p-styryl)ethane end-cap, as prepared above. 
The end-cap solution of the above end-cap syntiwsis is added dropwise. Silicone 

10 Macromo- II is made with a ddorodimethylstyrylalane end-oip, which can be 
prqMued as described and shown in Holdian. Geoige, Banie, and Paiker, 
"Monofimctional Polydimetiqdsiloxane Oligomers For Graft Copolymerization", 
Macronml. Chem. Phys. 19S. 2965-2979 (1994). The end-cap from tiiis syntiiesis 
is added diqiwise to tiie solution. Alternately, tiw end-cap can be solubilized in 

15 THF and tiien added dropwise. The macromer is recovered by precipitating tiie 
final solution in methanol. 

Polymq- 1 : Place 20 parts acrylic acid, 63 parts t-butylacrylate, and 17 parts 
stymie end-capped polydimethylsiloxane niacromer(Silicone Macromer I) in a 
flask. Add sufficient ediyl acetate or acetone (prefend)ly acebme) as tiie reaction 

20 solvent to produce a final monomer concentration of 25%. Add initiator, 
azobisisobutyronitiile, to a level of O.S% by weight relative to tiie amount of 
monomer. Pmge tiie flask of oxygen by insetting an argon gas line bdow die 
suiftce of tiie liquid and allowing argon to bubble into die reacticm solvent for 
about IS minutes. Heat to 60°C and maintain tiiis temperature for 48 hours while 

25 agitating. Terminate the reaction by cooling to room temperature, and dry off the 
reaction solvent by pouring tiie reaction mixture into a teflon-coated pan and 
placing in a vacuum oven. 

Polymef IT ; Place 20 parts acrylic acid, 63 parts t-butylacrylate, and 17 
parts styrene endneapped pcdydimetiiylsiloxane macromer(Silicone Macromer II) in 

30 a flask. Add sufficient etiiyl acetate or acetone (preferably acetone) as die reaction 
solvent to produce a final monomer concoitration of 25%. Add initiator, 
azobisisobutynmitrile, to a level of 0.5% by weight rdative to tiie amount of 
monomer. Purge tiie flask of oxygen by inserting an argon gas line below die 
surfitce of the liquid and allowing argon to bubble into the reaction solvent for 

35 about IS minutes. Heat to 60°C and maintain tiiis temperature for 48 hours while 
agitating. Terminate the reaction by cooling to room temperature, and dry off the 
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reaction solvent by pouring the reaction mixture into a teflon-coated pan and 
placing in a VKuum oven. 

Polymer HI : Place 20 parts acrylic acid, 30 parts N-isopropylacrylamide, 
33 parts t-butylaciylate« and IS parts styrene end-ca^ied polydimethylsiloxane 
5 macromer Silicone Macromer I) in a flask. Add sufficient ethyl acetate or 
acetone QirefiBrably acetone) as die reaction solvent to produce a final monomer 
concentration of 23%. Add initiator, azobisisobutyronitrile, to a level of 0.5% by 
weight relative to the amount of monomer. Purge the flask of oxygen by inserting 
an aigon gas line below the surface of the liquid and aUowing argon to bubble into 
10 the reaction solvent for about 13 minutes. Heat to SCPC and maintain this tem- 
perature for 48 hours while agitating. Terminate the reaction by cooling to room 
tempnature, and dry off the reaction solvmt by pouring the reacticm mixture into 
a tefkm-cooted pan and placing in a vacuum oven. 

EXAMPLES 

IS The following examples fufther describe and demonstrate embodiments 

wthin the scope of the present invention. The examples are ^ven soldy for the 
purpose of illustration and are not to be constnied as limitations of the present 
invention, as many variations thereof are posable without departing fi-om the spirit 
and scope of the invention. Ethanot in the following formulas is anhydrous, unless 

20 otherwise indicated. 
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EXAMPLES 1-4 

Disclosed below are exemplaiy mousse compositions of the present invention. 





Component (vit.%) 


± 


2. 


± 


± 


5 


Polymer m 


3.00 


3.00 


3.00 


3.00 




Lauranune-oxide 


0.10 


0.10 


0.00 


0.10 




Cocamidopropyl betaine 


1.33 


1.33 


0.30 


1.33 




Propylene glycol 


0.20 


0.10 


0.10 


0.10 






0.10 


0.10 


0.05 


0.10 


10 


Disodium EDTA - dilqrdrate 


0.10 


0.10 


0.10 


0.10 




Phosoxyethanol 


0.25 


0.25 


0.25 


0.25 




Methyl paraben 


0.15 


0.15 


0.15 


0.15 




Polyquatemiuni-4^ 


0.00 


0.00 


0.00 


0.20 


15 


chloride 


0.00 


0.00 


0.20 


0.00 




KOH Solution (45% active) 


0.80 


0.80 


1.00 


0.90 




Ddonized Water 


q.s. 


q.8. 


q.s. 


q.s. 



^Cekpiat L200, National Starch and Chemical Corp. (Bridgewater, NJ, USA, 
20 copolymer of hydroxyethylcellulose and diallyldimethyl ammonium chloride. 



The cmnpontion is made by nrixing the silicone grafted copolymer in tfw water, with 
the KOH sc^on, then sequentially adtting the remaimng ingredients, except for 
perfimie, with stirring, hearing to 40°C - 6(yC vinth stirrit^ and stirring for an 
25 ad^tional period of about dght hours while allowing the composition to cool at 
ambient temperature, and then mbdng in the perfume. The product can then be 
packaged in a conventional aerosol or non aerosol mousse spray package. 

EXAMPLES 5-8 

Below are several ex«nplaiy reduced VOC hair spray compontions of the 
30 present invention. 



Component fwt.%) 


J. 


6. 


JL 


i_ 


Polymer I or n 


4.50 


3.50 


4.00 


3.00 


Deionized Water 


5.00 


3.00 


18.00 


17.00 


Isododecane 


1.50 


0.00 


0.00 


0.00 


KOH Solution (45% active) 


0.90 


0.65 


0.00 


0.75 


NaOH Solution (30% aaive) 


0.00 


0.00 


1.00 


0.00 


Triethyl Citrate 


0.20 


0.40 


0.00 


0.10 
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Perfume 


0.10 


0.25 


0.05 


0.10 


Propyloie Glycol 


0.05 


0.00 


0.00 


0.10 


N-Butane (Propellant) 


7.50 


6.00 


0.00 


0.00 


HFClS2A(Propellaiit) 


IS.OO 


17.00 


0.00 


0.00 


Dibiityl Adipate 


0.00 


0.00 


0.30 


0.00 


SDA40EthanQl 


qs 


qs 


qs 


qs 



The compositions are made by adding the ethanol to a mixing container first, foUwed 
1 0 by addition of the rest of the non-propcllant ingredients sequentially in the order 
shown above, followed by vigorous stirring for two to three hours. The 
compositions of Examples S and 6 are then added t oconventional aerosol cans in the 
conventional manner and charged vnth the propellants. The compositions of 
Examples are added to conventional nonaerosol pump spray containers. 

15 

EXAMPLE9 

The following is a shampoo compontion representative of the present 



invention. 

Component Weight % 

20 Ammonittlm laureth sul&te 5.00 

Cocanudo propyl betaine 6.00 

Polymer m 4.00 

NaOH Sohition (30% active) 0. 10 

PEGlSOdistearate 2.00 

25 Giydantl 0.38 

Anunomethylpropanol 0.40 

Perfiime 1.00 

Ddonized Water q.s. 



^Preservative commercially available fix>m Glyco, Inc. 
30 The shampoo is prepared by combining the ammonium laureth sulfate and 

Silicone Grafted Copolymer (Polymer m) and heating to 70<*C for about 1/2 hour 
with mixing. The remaiiung ingredients are added and mixed for an additional 1/2 
hour. The batch is then cooled to ambient temperature. The pH is adjusted to 6.5 by 
the addition of citric add or sodium hydroxide, if necessary. 
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EXAMPLE 10 

The following is a styling and conditioning hair rinse composition 
rqiresentative of the present inventi(»i. 



Weighty. 

Polymer m 3qq 
NaOH Solution (30% active) o.90 
Silicone Premix 

Silicone Gum GE SE761 q^q 
Decamethyl cydopentasiloxaiie 4.00 
KfainMix 

Cet)4 hydnn^ethyiceDulose^ 0.60 
Locust bean gum 0 5Q 

EDTA, disodium salt 015 
DTDMAC 0^65 
Glydant^ 

Deionized Water q , 

^Commercially available from General Electric 
^Polysurf from Aqualon Co. 
^Preservative commercially available from Oyco, Inc. 

The SiUcone Prenux is blended separately by conventional means. The Main 
Ma is prepared by adding aU the ingredients and heatiqg to 95"C for 1/2 hour with 
agitation. As the batch is cooled to about 60»C, the Silicone Premfac. Silicone 
Grafted Copolymer (Polymer m), and NaOH solution are added to the Main Mbc 
with agitation and the batch is cooled to an4>ient temperature. 

EXAMPLE 11 

Reduced VOC hairspray compositions are prepared from the following 



Inpedients 


A 




Q 


D 


Water 


QS 100 


QS 100 


QS 100 


QS 100 


Ethanot 


54.0 


54.0 


54.0 


54.0 


Polymer I, n, or DI 


4.0 


3.0 


4.0 


3.0 


KOH Solution (45% active) 


0.80 


0.60 


1.00 


0.75 


Dioctyl Phthalate 


0.40 




0.10 




Fragrance 


0.05 


0.2 
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These products are prepared by first dissolving the polymer in the ethanol with 
stining. The remaining ingredients are then added with stilting. The resulting hair 
spray compositions can then be packaged in a nouaerosol spray pump. Alternatively, 
the compositions can be combined with conventional propellants and packaged in an 
S aerosol spray container. 

EXAMPLE 12 

Mousse compositions are prepared fiom the foUowing components utilizing 
comrentional mixii^ techniques. 

10 

ingredients weii^ % 



Water 




B 


Q 


QSlOO 


QSlOO 


QS 100 


Polymer m 


3.00 


2.50 


3.50 


NaOH Solution (30% active) 


0.80 


0.50 


0.90 


Lauramide DEA 


0.33 


0.33 


0.33 


Sodium Methyl 01^ Taurate 


1.67 


1.67 


1.67 


DMDMHydantoin 


0.78 


0.78 


0.78 


Disodium EDTA 


0.20 


0.20 


0.20 


Polyoxyalkylated isosteaiyl alcohol 1 


0.10 


0.10 


0.10 


Fragrance 


0.10 


0.10 


0.10 


Propellant 2 


7.0 


7.0 


7.0 



These products are prepared by first dissolving the polymer in water with stining. 
The remaining ingredients, except the propellant, are then added with stirring. The 
resulting mousse concentrate can then be combined with conventional propellants 
(e.g., Propellant A462) and packaged in an aerosol spray. These mousses are useful 
fi>r application to the hair to provide a styling and holding benefit. 

1 AerosuTf66-E10. 

2 AvaUable as a mixture of 82.46% isobutane. 16.57% propane, and 0.001% 
butane. 
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EXAMPLE 13 


Hair tonic compositions are 


prqnred from the following components utilizing 


convoitional mixing techniques. 




Ingredients 


Weieht % 




A S £ 


Ethanol(190 Proof) 


QS 100 QS 100 QS 100 


Polymer I, II, or HI 


0.75 1.00 1.25 


Aminom^hy] Propanol 


0.15 0.18 0.22 


Fragrance 


0.10 0.20 0.30 


Tlwse products are prq>ared by dissolving the polymer in the ethand with stirring 


and then adding the fh^rance and any colors. These hair tonics are usefiil for 


application to the hair to provide a stj^ing and holding boiefit. 




EXAMPLE 14 


A conditioning and styling shampoo compoation is prepared from the 


following components utilizing cor 


nrentional minng techniques. 


Ingredients 


Weight'/. 


StvUng Agent 




Polymer in 


3.00 


NaOH Solution (30% active) 
Premix 


0.20 


Silicone gum 


0.50 


Dimethicone, 350 cs fluid 
Main Mix 


0.50 


Water 


QSlOO 


Ammonium lauiyi sulfiite 


11.00 


CocamideMEA 


2.00 


Ethylene glycol distearate 


1.00 


Xanthan Gum 


1.20 


Methylchloroisothiazolinone (and) 




methylisothiazolinone 


0.04 



Citric Acid to pH 4.5 as needed 



The Main Mix is prepared by first dissolving the xanthan gum in the water with 
30 conventional mixing. The remaining Main Mix ingredients are added and the Main 
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M« .s heated to 150 F with agitation for 1/2 hour. The Styling Agent and the 
Premix are then added sequentially with about 10 minutes of agitation between 
additions, and the entire mixture is stirred whUe the batch is cooled to room 
temperature. For varied particile size, the Styling Agent and Premix can be added at 
diflFerent tmies using either or both high shear mixing or normal agitatioa 

EXAMW.F|^ 

Anti-Acne rompnritiffn 

An anti-acne composition is made by combining the foDowing components 
using conventional mbdng technology. 

ffifightli 
QSlOO 

Salicylic Acid 2 oo 

Polymer I, n, or m 2 00 

Ethanol(SDA40) 

AminomethylPropanol o.40 



EXAMPLF Mi 
A topical analgenc composition is made 
ingredients utilizing convemional mixing techniques. 



Water, Purified 
Ibuprofen 
Polymer m 
Aminomethyl Propanol 
Ethanol(SDA40) 



by combining the following 



SagllLSi 
QSlOO 
2.00 
2.00 
0.45 
20.0 0 



EXAMPLE 17 
A composition for sunless tanning is made by 
ingredients utilizing com«Mional mbdng techniques. 



the following 



Ingredients 



Water 
Pdymerm 

NaOH SoluUon (30% active) 



qs 100 
2.00 
0.70 
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Cai1)oiner934 l 0.20 

Cart}Oiner980 2 O.IS 

Acinic Add Copolymor ^ 0. 1 S 

Phases 

PPG-20 Methyl Glucose Ether 

Distearate 2.00 

Tocophend Acetate 1.20 

Mineral OU 2.00 

Stearyi Alcohol 1.00 

Shea Butter 1.00 

Cetyl Alcohol 1.00 

Ceteareth-20 2.S0 

Cetetb.2 1.00 

Ceteth-IO 1.00 

Phase C 

DEA-Cetyl Phosphite 0.75 



Diliydroxyacetone 3.00 

Butylene Glycol 2.00 
DMDM Hydantoin (and) 
lodopropynyl Butylcaibanutte 0.25 

Phase F 

Fragrance 1-00 
Cyclomethicone 2.00 

In a sintable vessel the Phase A ingredients are dispersed in the water and 
heated to 75-85°C. In a separate vessel the Phase B ingredients are combined and 
heated to 85.90°C until mehed. Next, the DEA-Cetyl Phosphate is added to the 
liquid Phase B and stirred until tUssolved. This nuxture is then added to Phase A to 
form the emulsion The emulsion is cooled to 40^45 C with continued mixing. 
Next, in a separate vessd, the dihydroxyacetone is dissolved in water and the 
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resulting solution is mixed into the emulsion. In another vessel, the Phase E 
ingredients are heated with mixing to 40-45°C until a dear solution is fonned and 
this solution is then added to the emulsion. Finally, the Phase F ingredients are added 
to the emulsion with mixing, which is then cooled to 30-35°C, and then to room 
5 temperature. TMs emulsion is useful for topical appUcation to the skin to provide an 
artificial tan. 

1 Available as Carbopolj^ 934 from B.F. Goodrich. 

2 Available as Caibopoi 980 from B.F. Goodrich. 

3 Available as Pemulen TRl from B.F. Goodrich. 



Sunscreen Coitipnsitiffp 

An oU-in-water emulsion is prepared by combining the foUowing components 
utilizing conventional mbdng techniques. 



10 



EXAMPLE 18 



Ingredienti 



Weighty. 



IS 



Water 

Carbomer9S4l 
Carbomer 1342 2 
Polymer m 
NaOH(30%) 
Disodium EDTA 



20 



QSlOO 
0.24 
0.16 
1.75 
0.70 
0.05 



30 



25 



Isoarachid^ Neopentanoate ^ 
PVP Eicosene Copolymer 4 
Oct]d Methoxydniiamate 
Octocrjiene 
Oxybenzone 
Titanium Dioxide 
Cetyl Palmitate 
Stearoxytrimethylsilane 



2.00 
2.00 
7.50 
4.00 
1.00 
2.00 
0.75 



(and) Stearyl Alcohol ^ 
Glycer^ Tribehenate ^ 



0.50 



0.75 
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Phase C 
Water 

Trietlianolainine99% 



1.00 



Dimethicone 

Tocopheryl Acetate q iq 

DEA-Cetyl Phosphate o.20 



2.00 
0.60 



15 I 



Water 



2.00 



1.00 



Butylene Glycol 2.OO 
DMDM Hydantoin (and) 

lodopropynylButylcarbamate^ o.25 
dLPanthenol 

Phase E 

Cydomethicone j(] 

Available as Caibopol^^ 954 fiom B.F. Goodrich. 
2 AvaUableasCarbopoI 1342 fiom B.F. Goodrich. 
^ Available as Elefiw I-20S from Bond Chemical. 
^ Available as GanexV-220 from GAP Corporation. 
5 Available as DC 580 Wax from Dow Coming. 
20 6 Available as Synchrowax HRC from Croda. 
Available as CHydantnusfironLonza. 



In a suit^le vessd the Phase A ingredients are dispersed in the water and 
heated to 75-85 C. In a separate vessel the Phase B ingredients (except DEA-Cetyl 
Phosphate) are combined and heated to 85-90°C untfl melted. Next, the DEA-Cetyl 
Phosphate is added to the liquid Phase B and stined until dissolved. This mixture is 
then added to Phase A to fonn the emulsion. The Phase C ingredietts are combined 
until dissolved and then added to the emulsion. The emulsion is then cooled to 40- 
45 C with continued mixing. In another vessel, the Phase D ingredients are heated 
with mixing to 40-45 C umil a clear solution is formed and this solution is then 
added to the emulsion. Rnally, the emulsion is cooled to 35°C and the Phase E 
ingredient is added and mixed. This emulsion is useful for topical application to the 
skin to provide protection from the harmful effects of ultraviolet radiation. 
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RXAMPLE 19 

Facial Moisturizer 

A leave-on fadal emulsion composition is prqrared by combiiung the following 
components utiliang conventional mixing techniques. 



5 


Ingredient 


Weight % 




Water 


QSlOO 




Polymer in 


1.00 




NaOH Solution (30% active) 


0.40 




Glycerin 


3.00 


10 


Cetyl Palmitate 


3.00 




Cetyl Alcohol 


1.26 




Quatemium-22 


1.00 




Glyceryl Monohydroxy St^ate 


0.74 




Dimethicone 


0.60 


15 


Stearic Acid 


0.55 




Octyldodecyl Myristate 


0.20 




Carbomer 1342 


0.125 




TetrasodtumEDTA 


0.10 




DMDM Hydantoin and lodopropynyl 




20 


Butyl Caibamate 


0.10 




Caibomer951 


0.075 



25 



WHAT IS CLAIMED IS: 
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1. A topical personal care composition containing siUcone grafted copolymer having 
improved resistance against hydrolysis, said composition btmg suitable ft»r topical appUcation 
to the sldn or hair, and compiiaiag: 

(a) from 0.\% to 50%, by weight of the composition, of sUicone grafted copolymer 



CO from 1% to 99%, by weight of the copolymer, of acid-containing 
monomers^ 

Cii) from 1% to 50%, by weight of the copolymer, of atyicne end-capped or 
alkenyi «>*<apped siUcone macromer haviqg thefoimulas; respectivdy: 



wherein: s is an integer from 0 to 6; m is an integer from 1 to 3, r2 is Cl-C 10 
alkyi or C7-C10 alkylaiyl; n is an im^ from 0 to 4; X is an ethyienically 
unsaniiated group of the fonmih : 



containing: 




or 



X-CH2--(CH2)8-Si(Rib^n-2i„ 




whereSn r3 is -H or C1^6 alkyl; is H or C1-C6 alkyl; Z is 



R1 




wherein eachRl independently is an aOcyl. aiyl or allgdaiyl having from 1 to 
10 carbon atoms, and r is an integer from 4 to 700; and condnnations thereof, 
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Oii) from 0% to 98% of additional monomers; and comlnnations thereof, and 

(b) from r/o to 99.9*/o, by weight of the composition, of an aqueous or 
hydroalcohoUc sohwnt for said sificone grafted copolymer suitable for application to 
the hur or sidn, y/benm sud copolymer is soluble or diq)ersible in said solvent. 

2. A composition as in Claim 1, wherein said silicone macromer is the styrene end-capped 
alicone macromer, n is 0, and said -(CH2)s-Si(Rl)3.m-Zni of said silicone macromer is 
substituted at the para pontion rdative to X wherein s is from 0 to 2, m is 1, n is 0, is H, 
r4 is H or CH3, and r1 is an alkyl, preferably wherein r1 is methyl and r is from SO to 500. 

3. A compontion according to any preceding Claim yUasm said copolymer comprises fivnn 
1% to 50%, by weight of the copolymer, of said additional monomers, sud additional 
monomers being nonionic, cationic. amphoteric, or a ccmbination thereof; preferably wherein 
said additional monomers are nonionic monomers sdected from the group consisting of 
acrylic and methacrylic add esters of C1-C24 alcohols; styrene; alkylstyrenes; chloro- 
styiene; vinyl esters; vinyl chloride; vinyl toluene; vinyl ci^lactam; vinylidene chloride; 
acrylonitrUe; alpha-alkylstyrenes; 1,3-dialkenes; ethylenically nronounsatuialBd 
hydrocaibons; alkoxyalkyl (nieth)aciylates; alkyl vinyl ethers; di-aciylates and di> 
melhacrylales; acrylamide; methacrylamide; diacetonacrylamide; N,N- 
dialkyl(meth)aciylamides; N-alkyl(inelh)aciylamides; acrylate and methacrylate alcohols; 
vinyl pyirolidone; ally! alcohol; vinyl alcohol; and combinations thereof. 

4. A composition according to ai^ preceding Claim wherein said acid-containing monomers 
are sdected from the group consisting of caiboxylic adds and sulfianic adds. 

5. A conq)osition as in any prececfing Claim wherdn said add-contaimng monomers are 
carboxylic adds. 

6. A composition as in any {needing Claim w^ierein said carboxylic add monomers are 
selected from the group consisting of those corresponding to tiie formula: 



R5 R« 
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wherdn: r5 and independently are H or C1-C6 alkyl; r7 is h, C1-C6 alkyl, or a 
carboxylic moiety having up to 12 carbon atoms; and r8 is a caiboxylic moiety having up 
to 12 carbon atoms; and mixtures thereof. 

7. A composition as in any preceding Claim wherein said copolynier comprises: 

(i) from 5% to 90%. by weight of said copotymer. of said add-containing monomers; 
Cii) from 2% to 40%, by weight of said copolymer, of said silicone macromers; 
Oii) from 0% to 70%, by weight of said copolymer, of said additional monomers. 

8. A composition as in any preceding Claim wherein said copolymer comprises: 

(i) from 10% to 75%, by weight of said copolymer, of said acid-containing 
monomers; 

00 from 5% to 40%, by weight of said copolymer, of said silicone macromers; 
Cm) from 5% to 70%, by weight of said copolymer, of said additional monomers. 

9. A composition as in aiqr preceding Oaim wherein said copolymer comprises: 

CO from 15% to 50%, by weight of said copolymer, of said acid-containing 
monomers; 

(u) from 5% to 25%, by weight of said copolymer, of said monomers derived from 
said silicone moncnners; 

Cui) from 40% to 70%, by weight of said copolymer, of said additional monomen. 

10. A hair spray product comprising tiw composition of any preceding Claim disposed witiiin 
an aerosol or nonaerosol qmy container. 
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